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Standards for 

Cardiopulmonary Resuscitation (CPR) 
and Emergency Cardiac Care (ECC) 



At the National Conference on Standards for 
Cardiopulmonary Resuscitation (CPR) and Emergency 
Cardiac Care (ECC) held in May 1973, standards for 
CPR and ECC were developed and recommended. 
They. relate to (1) recommended principles and tech- 
nlques for basic and advanced life support, (2) CPR 
training and certification according to American Heart 
Association standards, (3) training of medical and 
allied health personnel, (4) the role of the American 
National Red Cross and other agencies in training the 
lay public, (5) the role of life support units in stratified 
systems of emergency cardiac care, and (6) medico- 
legal aspects of CPR and ECC. The complete conference 
proceedings will be published by the National 
Academy of Sciences. 



THESE standards have been developed as a working 
guide for the proper training and performance of 
cardiopulmonary resuscitation and emergency cardiac 
care. They have been prepared by leading authorities 
and represent a consensus of many qualified persons 
from a variety of disciplines. However, the perform- 
ance of cardiopulmonary resuscitation and emergency 
cardiac care is an art that is constantly changing and 
developing as the benefits' of continuing experience and 
research become available, and the standards should 
serve to implement changes as required. They are in 
no *way intended to limit new concepts or advances. 
Deviations from these standards may occur in certain 
situations not contemplated by the. standards or where 
a trained clinician has a sound basis for hSs actions. 



Part I.— Introduction 



The American Heart Association and the National 
Academy of Sciences-National Research Council co- 
sponsored a National Conference on Standards for 
Cardiopulmonary Resuscitation (CPR)-and Emergency 
Cardiac Care (ECC) in Washington, DC, May 16-18, 
1978. This Conference was conducted because of the 
changes that have occurred during the past several 
" years. In May 1966, the National Academy of Sciences- 
National Research Council sponsored a Conference on 
Cardiopulmonary Resuscitation that recommended the 
training of medical, allied health, and professional 
paramedical personnel in cardiopulmonary resuscita- 
tion according to the standards of the American Heart 
Association, 8 ' 10 Those recommendations resulted in 
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widespread acceptance of cardiopulmonary resuscita- 
tion and training in the technique. 

Since the 1966 meeting, cardiopulmonary resuscita- 
tion has become a part of the broader field of emer- 
gency cardiac, care.. This development has been influ- 
enced by the efforts and activities of many groups. 
Outstanding contributions have been made by the 
American Heart Association through its training ma- 
terials and programs, 1 " 7 by the decisions of National 
Academy of Sciences-National Research Council com- 
mittees and their publications, 8-15 by the reports of 
the Inter-Society Commission on Heart Disease Re- 
sources,"" 22 and by the recommendations and evalu- 
ations of government agencies, 23 " 29 professional medical 
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A f ascinating variety of techniques for resuscitation of the dead and near-dead 
has been used by man dorro through the ages, even from the earliest of times. 
A number of these methods are shown on the front and back covers of this 
supplement. 

Cover illustrations 1-17 were taken from scenes in a former exhibit in the 
Section on Medicine at the' Museum of Science and Industry in Chicago. The 
exhibit was originaDy a gift to the museum by the Public Service Co. (of 
Northern Illinois). The figures were three dimensional, molded in wax, and stood 
about one foot high. They remained a popular exhibit at the museum, until 19 63, 
when they melted away and could not be resuscitated during a fire in the section 
of the building where the exhibit was housed. 



1. Inflicting pain by whipping with stinging nettles, later 
supplemented by striking the skin with the hands and wet 
cloths, was considered helpful In restoring those apparently 
In deep sleep. 

2. Warm ashes, hot water, and burning of dried animal ex- 
creta applied to the abdomen of patients were thought to be 
of value In restoring heat and life to the cold body. 

3. Paracelsus was first to use common fireside bellows to 
Introduce air Into the Jungs of apparently dead persons. 
Adaptation's of this method were used throughout Europe for 
300 years. 

4. North American Indians attempted to revive apparently 
dead persons by blowing smoke Into an animal bladder and 
therefrom Into the victim's rectum. Called also "Dutch fumi- 
gation," it was introduced Into England In 1767. The method 
was used auccessfuUy lor years In American colonies. 

5. This method was used In England, Europe, and America. 
Many cases of successful resuscitation from near-drowning 
are recorded. Pressure over chest aided In expelling air 
from lungs and Inspiration resulted when pressure was 
removed. 

6. This method, probably used before 1767, may still be 
seen. along the waterfront Barref movement forward released 
pressure on victim's chest, allowing inspiration. Movement of 
barrel back caused the body's weight to compress the chest, 
Inducing expiration. 

7. Persons unconscious from cold or fumes or appar- 
ently dead were successfully resuscitated by burial. A modi- 
fication was to bury a victim upright with hi3 head and 
cbo3t exposed. Water was dashed on his face. 

8. This was used on Europe's' Inland waterways for re- 
suscitation from near-drownings. The victim's own body, 
contacting the horse, compressed his chest, forcing out air. 
When he was bounced from horse's back, his chest expanded 
and air entered his lungs. 

9. With a length of cloth encircling the chest, traction by 
two rescuers compressed the chest, forcing air from the 
ungs. Release of the pressure permitted the chest to expand, 
inducing inspiration. ■ 
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10. This represents the first record of a victim laid prone, 
with chest elevated. The operator pulled the patient onto 
his side, held him momentarily, then let him roll back. Pres- 
sure on the back of the chest expelled air. Pressure was 
then released by turning the patient onto his side, causing 
Inspiration. 

11. With the.vlctlnv on his back, arms above head, lung 
capacity Is greater for inspiration; the arms are carried for- 
ward, folded oh chest, and pressed to produce expiration. 
The tongue Is held to keep the air passage open. This 
method Is still In use. 

12. Pressure Is exerted on the back of the prone victim, 
with his chest raised, to expel water. He Is then turned onto 
his back, with me operator straddling and exertfng pressure 
on the upper abdomen and lower chest, causing expiration. 
Releasing the pressure causes Inspiration. 

13. Raising the victim by hyperextension of his body in- 
duces expiration; lowering him to the ground causes inspira- 
tion. This method i3 of little value, owing to the possibility 

■ of Iniury to the spine. 

14. This simple method requires but one person. Pressure 
applied to the Victim's back forces his abdomen against his 

• diaphragm, compressing the lungs and causing expiration. 
Release of the pressure causes Inspiration. 

15. The Inversion method Is applied to a newborn baby. 
The pressure, created by squeezing the chest and by gravity, 
induces expiration; release of the chest compression lets 
air inflate the lungs for Inspiration. 

16. This device was strapped over the lower thorax and 
upper abdomen; by manual operation, the muscular walls 
were lifted by vacuum suction for inspiration; when pressure 
was exerted manually, afr was forced from the lungs for 
expiration. 

17. Air is pumped from an electrically driven diaphragm 
pump into pressure (expiration) and suction (Inspiration) 
vessels, causing, within the dome on the patient's body, 
alternating positive and negative pressure to Induce respira- 
tion in a natural manner. 

18. The method for one-rescuer cardiopulmonary resuscita- 
tion as recommended In the standards given In this supple- 
ment. 
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societies, 30 ^ 34 private groups, 35 ' 3 ® and individuals. 40 * 43 
These programs have been assisted financially and 
organizationally by federal agencies such as Regional 
Medical Programs, Health Services and Mental Health 
Administration, National Heart and Lung Institute, 
Department of Transportation, and' by numerous state 
and local governing bodies, professional organizations, 
and rescue groups. 

As a result of these activities, it has become in- 
creasingly apparent that a broad national program 
of life support measures is required to bring the bene- 
fits of cardiopulmonary resuscitation and emergency 
cardiac care to all segments of the public. This can 
be accomplished only by intensive public and- profes- 
sional programs. 

These programs must 

1. Provide education to increase awareness of the risk 
factors that may lead to heart attack, early warning signs 
and recognition of heart attack, and what to do in a 
cardiopulmonary emergency. 

2. Eliminate patient and physician denial and reduce 
the time interval between onset of symptoms and the de- 
livery of life support through the emergency medical care 
system. 

3. Assure adequate training of large segments of the 
public in basic life support measures. 

4. Generate integrated, community-wide stratified pro- 
grams of emergency cardiac care as part of comprehen- 
sive emergency medical services. 

5. Guarantee the availability and accessibility of an 
emergency care system for effective stabilization and 
treatment of emergency patients at the scene and during 
transportation by well-trained emergency medical techni- 
cians and other ambulance and rescue personnel. 

6. Provide adequate life support units throughout all 
communities. 

7. Standardize the roles of hospital staff and the ade- 
quacy of equipment and facilities in hospital emergency 
departments. 

The Conference, accepting as a model program one 
that embodied all the. above attributes, has created 
standards within this statement that will assiBt in pro- 
moting a national program of life support measures. 
Recommendations of the Conference are as follows : 

1. Basic life support CPE training programs must be 
extended to the general public, starting with specific need 
groups such as- policemen,' firemen, lifeguards, rescue work- 
ers, high-ri3k-industry workers, and families of cardiac pa- 
tients, and then expanded to include training of school 
children and other segments of the general public. The 
American National Red Cross, medical organizations, and 
other agencies concerned with lifesaying will participate 
in these programs. 

2. Training in cardiopulmonary resuscitation and emer- 
gency cardiac care must be according to the standards of 
the American Heart Association. The association will" 
continue to review, revise, and up-date the standards on" 
the basis of scientific information and experience. 

3. Certification of competency at various levels of life 
support must be based on nationally standardized cur- 
ricula that include both written and performance tests, 

4. Delivery of basic and advanced life support by highly 
trained personnel must be required for all life support 
units and hospitals on an integrated, stratified, community- 
wide basis. 

6. These goats must he implemented by legislation and 
medicolegal action where needed, to ensure the delivery 



of effective cardiopulmonary resuscitation and emergency 
cardiac care to the entire population. 

General Considerations 

It has been estimated that about one million per- 
sons in the United States experience acute myocardial 
infarction each year. More than 660,000 die annually 
of ischemic heart disease. About 350,000 of these 
deaths occur outside the hospital, usually within two 
hours after the onset of symptoms. Thus, sudden death 
from heart attack is the most important medical emer- 
gency today. It seems probable that a large number of 
these deaths can be: prevented by prompt, appropriate 
treatment. In addition, many victims who die as a 
result of such accidental causes as drowning; elec- 
trocution, suffocation, drug intoxication, or automobile 
accidents could be saved by the prompt and proper 
application of cardiopulmonary resuscitation and emer- 
gency cardiac care. This can best be assured by the 
victim's entry into an organized and effective system 
of emergency cardiac care. 

Emergency cardidc care (ECC) is an integral part 
of a total, community-wide comprehensive system of 
emergency medical services (EMS) and should be 
integrated into the total system response capability 
for all types of life-threatening situations. The sys- 
tem must provide proper identification and appropri- 
ate action for all niedical emergencies. However, the 
standards presented: here concern themselves only with 
the principles and concepts of emergency cardiac care. 

Emergency Cardiac Care 

In this statement^ emergency cardiac care includes 
all the following elements: 

1. Recognizing early warning signs of heart attacks, 
preventing complications, reassuring the victim, and mov- 
ing him to a life support unit without delay. 

2. Providing immediate basic- life support at the scene, 
when needed. 

3. Providing advanced life Bupport as quickly as possible. 
m 4. Transferring the stabilized victim for continued car- 
diac care. 

Emergency transportation alone, without life sup- 
port, does not constitute emergency cardiac care. Al- 
though transportation is an important aspect, the 
major emphasis of ECC is life support through sta- 
bilization of the victim at the scene of the life-threat- 
ening emergency. Stabilization must be maintained 
during transport of the victim to the site of continuing 
cardiac care. * 

Within the definition of emergency cardiac care 
there are two other important concepts that must be 
clarified — basic life support and advanced life support. 

Basic Life Support is an emergency first aid. proce- 
dure that consists of the recognition of airway ob- 
struction, respiratory arrest and cardiac arrest, and 
the proper application of cardiopulmonary resuscita- 
tion (CPR). CPR consists of opening and maintaining 
a patent airway, providing artificial ventilation by 
means of rescue breathing, and providing artificial 
circulation by means of external cardiac compression. 

Advanced Life Support is basic life support plus use 
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of adjunctive equipment, intravenous fiuid lifeline 
(Infusion), drug administration, defibrillation, sta- 
bilization of the victim by cardiac monitoring, con- 
trol- of arrhythmias, and postresuscitation care. Also 
it includes establishing necessary communication to 
assure continuing care, and maintaining monitoring 
and life support until the victim has been transported 
and admitted to a continuing care facility. Advanced 
life. support requires the general supervision and di- 
rection of a physician who assumes responsibility for 
the unit Jt must have adequate communications on a 
24-hour-per-day basis. This may necessitate appro- 
priate legislation or standing orders f or 'implementa- 
tion. 

To be effective, emergency cardiac care should be 
an integrated part of a total community-wide emer- 
gency care and communication system. It is to be based 
on local community needs and resources and be con- 
sistent with state and national policies. The success of 
such a community-wide system requires multijuris- 
dictional participation arid planning to ensure opera- 
tional, as well as equipment, compatibility within that 
system and between adjacent systems. The initial 
planning of a community-wide system should be under 
the direction of a local community advisory council 
on emergency services charged with the responsibility 
of assessing community needs and resources, defining 
priorities, and planning to meet those needs. Critical 
evaluation of operating policies, procedures, statistics, 
and case reports must be a continuing responsibility 
of state or local governments or the council. Such an 
evaluation should provide the basis for modification 
and evolution of the system. 

It is well recognized that the emergency cardiac 
care segment of a community-wide emergency system 
is best provided through a stratified system of coro- 
nary care. 19 This stratified system has three levels: 

Level 1: Emergency Life Support Units 

(a) Life Support Units 

(1) Basic 

(2) Advanced 

(b) Mobile Life Support Units 

(1) Basic 

(2) Advanced 
Level 2: Coronary Care Units 

Intermediate Care Units 
Level 3: Regional Reference Centers. 

The standards recommended within this statement 
are concerned only with the first leve>, emergency life 
support units. Components such as public education 
professional education, and emergency medical com- 
I^tem eS8CDtSal parts of the total emergency 

Public Education—The greatest risk of death from 
heart attack lies hi the first two- hours after onset.- 
Tiie potential victim must first be educated to recog- 
nize the usual manifestations of heart attack^per- 

^2^?^?™^ 3Weating ' nau ^a-vom- 
Jfaa* palpitation, fatigue. He then must know how 
to gam access to the emergency medical system. The 
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fastest way for an emergency medical team' to re- 
spond is . through the use of a universal emergency 
telephone number, such as 911. Once this number is 
established, it must be promoted through an educa- 
tional program so that it will be used. 

Each individual should have a well-formulated plan 
of action for use in an emergency. This plan will be 
based on ithe plan of action optimal for his own com- 
munity In some cases, this means that a physician 
.should be called first, and, if he is not immediately 
available, the victim should proceed without delay to 
an emergency department or a facility with life sup- 
port capability. * 

When symptoms suggest an acute heart attack, the 
Conference recommends that a mobile life support 
unit be summoned to reduce the elapsed time from 
the onset of symptoms to entry into an emergency 
medical services (EMS) system. 

professional Education—Physicians must be aware 
•of the emergency medical system in their own com- 
munities. Their actions should reflect the knowledge 
that most cardiac fatalities occur outside the hos- 
pital, and that every effort must be made to reduce 
the delay between the initial symptoms and the vic- 
tim's entry into an effective emergency care system 
The physician should be aware of possible delays and 
avoid them. 

Physician competence in CPK must be assured 
and he should formulate a plan of action for emer- 
gency casdiac situations occurring in his office, in 
patients' homes, and elsewhere in the community. 

Emergency Medical Communications.— Emergency 
medical communications is a vital element that must 
be integrated into any system of emergency medical 
services for it to function effectively. An adequate com- 
munication netv/ork for an ECC response is but one 
facet of total emergency medical services, but the com- 
munications system that supports emergency cardiac 
care also should support emergency medical service 
as a whole. < 

The communications system will help preserve life 
and minimize morbidity at the scene, during transit 

v ti n t. ^ hospital emergency department. There 
should be careful coordination of equipment and fre- 
quencies, including subcarriers for telemetry to fa- 
cilitate both compatibility of subsystems at their in- 
terface and effective regiohalization in the future 

Agreements for sharing communication channels and 
other forms of coordination are necessary. Emergency 
medical communications should be integrated into the 
emergency: system and coordinated with such other 

&S ?t*t** p0lice ' hi &™*7 Patrol, Coast Guard, 
and Military Assistance to Safety and Traffic. 

The emergency medical system should provide for 
centra] receipt of all emergency calls and central dig- 
patching .of all elements of that system, depending on 

o!£rrVi the geographic location, 

capability of the rescuing units, and other emergen' 
cies in progress. The central emergency medical com- 
munication, center must have full knowledge of emer- 
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gency care systems, their composition, their disposi- 
tion, and all activities, as well as medical capabilities 
and census of each hospital in the area. The central 
dispatchers also must be issued medical guidelines to 
help them determine the appropriate medical facility 
to care for each medical emergency. 

Personnel of the central dispatching agency should 
receive special training in methods of rapid and com- 
plete questioning to determine the medical problem. 
They must be able to distinguish quickly the medical 
requirements for each type of emergency situation and 
follow the medical guidelines as to the most appro- 
priate available receiving facility. In some communi- 
ties, multilingual dispatchers will be required. 

The communication network should be able to link 
each of the following to each other -by means of two- 
way voice communications via the telephone, radio, or 
other means: the rescuer at the scene, the rescue ve- 
hicle, all hospitals that might receive the victim, and 
advisory medical personnel Telephone-to-radio circuit 
interconnection, or telephone patch, should be con- 
sidered as one means of extending the EMS com- 
munication system, including remote consultation, to 
any person or facility within reach of a telephone. 

In many instances, two-way communication may be 
augmented by electrocardiogram telemetry. Telemetry 
methods and telemetry techniques must be standard- 
ized within health care delivery regions to assure that 
all systems within a region are compatible. It is vital 
that the rescuer be able to communicate directly with 
the EMS physician or specially designated nurBe who 
can advise him regarding definitive medicaP. theory. 
The communications network should ensure that the 
receiving station or hospital is notified of the im- 
pending arrival of the victim, the nature of his prob- 
lem, and his general medical condition. 

Conference Recommendations. — Conference partici- 
pants reported that the present rules and regulations 
of the Federal Communications Commission (FCC) 
frustrate the achievement of a comprehensive com- 
munication system. Adequate emergency medical ser- 
vice communication channels are as vital to the public 
as the communication channels used by police and fire 
services. The Conference Committees recommend that 
the FCC establish an emergency medical radio service 
that would provide sufficient spectrum space and ade- 
quate protection from interference by other services. 
Furthermore, the frequencies should be freely avail- 
able for a variety of emergency medical applications, 
eg, medical voice supervision, continuous and intermit- 
tent telemetry, and relay from fixed and mobile trans- 
mitters. This freedom is necessary to ensure the 
growth of effective . emergency medical service pro- 
grams. 

Role of the American Heart Association 

In 1963, the American Heart Association established 
a Committee on Cardiopulmonary Resuscitation. This 
was expanded in 1971 to a Committee on Cardiopul-, 
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monary Resuscitation and Emergency Cardiac Care. 
- Jhe activities of < this Committee have established for 
it a multiplicity of continuing roles in these areas. 
The Conference recognizes that these roles concern 
basic life support, advanced life support, and all as- 
pects of emergency cardiac .care, and that they have 
evolved into the following Committee charges: 

1. To establish and revise standard concepts and tech- 
niques periodically for basic and advanced life support as 
related to cardiopulmonary resuscitation and stratified emer- 
gency cardtec care. 

2. To establish standards for training, and retracing In 
• basic and ad^nced life support. 

3. To establish standards for training aids and materials. 

4. To develop and distribute training materials 

5. To collaborate with other national medical and allied 
health organizations In establishing and promoting training 
programs in, basic and advanced life support for medical 
and allied health groups. . 

6. To train and certify Instructor-trainers and Instructors 
for various organizations such as American National Red 
Cross, YMCA, Medical Self Help, fire and rescue depart- 
ments police departments, ambulance emergency medical 
technicians, lifeguards, Scouts, Department of Defense and 
.other Interested groups, which then will be responsible for 
CPR Instruction of key personnel and trainees for their vari- 
ous groups at the community level according to the American' 
Heart Association training standards. 

7. To acts as a catalyst at both the local and national 
levels to motivate and stimulate the development of regional 
planning councils, which are required for the development of 
stratified emergency cardiac care systems. 

8. To develop and implement a simultaneous, coordinated, 
arge-scafe public education program* at the national and 

• local levels In the areas of CPR, early warning signs, and 
risk factors, as related to development and use of stratified 
emergency cardiac care systems. To help meet the neads of 
public response, it is planned that these programs will be 
cqprdlnated with the American National Red Cross and other 
first aid and medical agencies. 

9. To direct intensive professional education efforts to 
physicians to Increase their awareness of the necessity for ' 
early entry of patients Into (a) monitored cardiac care systems 
and (b) precoronary care areas. 

•10 To promulgate criteria at a national level to aid In 
decisions regarding when basic life support should not be 
nstituted. when advanced life support should not be insti- 
tuted, and when basic or advanced life support may be 
terminated. 

11. To evolve" practical guidelines for developing stratified 
cardiac care systems that are capable of implementation at 
the community level. , 

J» \ To geminate criteria for American Heart Association 
affiliates and chapters to certify persons In basic and ad- 
vanced life support according to nationally standardized 
course content and testing. 

13 To disseminate such Information to the medical com- 
munity as (a) to date, there has not been a successful legal 
action against a person who has given CPR In good faith 
(b) in general, medical practice acts exempt nonphyslclans 
who are acting in an emergency situation, and (c) through the 
use of the CPR techniques where recommended, ' a large 
number of cardiac arrest victims' have been successfully 
resuscitated at locations outside of hospitals and many long- 
term survivors; have returned to full and productive lives. 

14. To assist In the creation of effective "Good Samaritan" 
coverage for physicians, nurses, professional allied health 
personnel, and nonmedical personnel performing basic or 
advanced lifeisupport In good faith either inside or outside 
any life support unit. 

Standards for CPR and ECC 



Jun-30-2008 01:48 PM FRIEDMAN & FRIEDMAN (312) 922-1636 



Part II.— Basic Life Support 



Basic life support is an emergency first aid proce- 
dure that consists of recognizing" respiratory and car- 
diac arrest and starting the proper application of 
cardiopulmonary resuscitation to maintain lif e until 
a victim recovers sufficiently to be transported or until 
advanced life support is available. This includes the 
A-B-C steps of cardiopulmonary resuscitation: 



A. Airway 

B. Breathing 



} 



artificial ventilation 



C. Circulation j . artificial circulation 



cardiopulmonary 
resuscitation 



These steps always should be started as quickly as 
possible, they are .performed in the order shown 
above (also shown , in the frontispiece and in Pig 1, 
Life Support Decision Tree) except in special, circum- 
stances such as: (a) in monitored patients or (2>) in 
witnessed cardiac arrests. When cardiac arrest occurs 
in the monitpreii patient and trained personnel and 
defibrillators are available immediately, a precordial 
thump and/or advanced, life support procedures should 
be instituted without delay. In a witnessed cardiac ar- 
rest, the A-B-C sequence should include, use of a 
precordial thump. (See "Precordial Thump," page 
847.) • 

There must be a maximum sense of urgency in 
starting basic life support. The outstanding advantage 
of CPR is that it permits the earliest possible treat- 
ment of respiratory arrest or cardiac arrest by prop- 
erly trained persons. Optimally, only seconds should 
intervene between recognizing the need and starting 
treatment. 

Indications for basic lijfe support are: 

1. Respiratory arrest and 

2. Cardiac arrest. Cardiac arrest can result from: 

(a) cardiovascular collapse 

.(electromechanical dissociation) 

(b) ventricular fibrillation, or 

(c) ventricular standstill (asystole). 

In cases of collapsed or unconscious persons, the 
adequacy or absence of breathing and circulation must 
be determined immediately. If breathing alone is in- 
adequate or absent, rescue breathing may be all that 
is necessary. If • circulation is also absent, artificial 
circulation must&e started in combination with rescue 
breathing. The methods of recognizing adequacy or ab- 
sence of breathing or circulation arid the recommended 
techniques" for performing artificial ventilation and 
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artificial circulation are presented below. Their proper 
stepwise sequence is detailed in the Life Support De- 
cision Tree (Fig 1). 

Artificial Ventilation 

Opening the airway and restoring breathing are 
the basic steps of artificial ventilation. The steps can 
be performed quickly under almost any "circumstance 
and without adjunctive equipment or help from an- 
other person. They constitute emergency first aid for 
airway obstruction and respiratory inadequacy or 
arrest. * ' . 

Respiratory inadequacy may result from an obstruc- 
tion of the airway or from respiratory failure. An ob- 
structed airway- is sometimes difficult to recognize un- 
til th& airway is opened. At other times, a partially 
obstructed airway is recognized by labored breathing 
or excessive respiratory efforts, often involving acces- 
sory muscles of respiration, and by soft tissue retrac- 
tions of the intercostal, supraclavicular, and supra- 
sternal spaces. Respiratory failure is characterized by 
minimal or absent respiratory effort, failure of the 
chest or upper abdomen to move, and inability to de- 
tect air movement through the nose or mouth. 
Airway,— The most important factor for successful 
. resuscitation is immediate opening of the airway. 
This can be accomplished easily and quickly by tilting 
the victim's Head backward as far as possible. Some- 
times this simple maneuver is all that is required 
for breathing to resume spontaneously. To perform 
the head tilt, the victim must be lying on his back. 
The rescuer places one hand beneath the victim's neck 
and th6 other hand on his forehead: ke then lifts the 
neck wath one hand and tilts the head backward by 
pressure with his other hand on the forehead. This 
maneuver extends the neck and lifts the tongue away 
from the back of the throat. Anatomical obstruction 
of the airway caused by the tongue dropping against 
the back of the throat thereby is relieved. The head 
must be maintained in this position at all times. (See 
Pig 2.): 

The Jiead tilt method is effective in most cases. If 
head ti?t is unsuccessful in tiperiing the air passage 
adequately; additional forward displacement of the 
lower jaw— jaw thrust— may be required. This can be 
accomplished. by. a triple airway maneuver in which 
the rescuer places his fingers behind the angles of the 
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Life Support Decision Tree 

[Unwitnessed arrest] 



unconscious 
victim 



.NO 



BLOWS TO BACK 
CLEAR THROAT 
VENTILATE 








CONTINUE 
ATTEMPTS 

TO 
VENTILATE 






ADJUNCTS 
AND/OR 
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LIFE. 
SUPPORT 
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YES 
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. AND 
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ADVANCED 
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jrtJ 



TRANSPORT 
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UFE SUPPORT 
-IF INDICATED 



TRANSPORT 



Fig1. 
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Fig 2.— Head tilt method of opening airway 



victim's jaw and (1) forcefully displaces the mandible 
forward while .(2) tilting the fiead backward and (3) 
using his thumbs to retract the, lower lip to allow 
. breathing through the mouth- as well as through the 
nose. The jaw thrust is performed best from 'a posi- 
tion at the top of the victim's head. 

However, if the victim does riot resume spontaneous 
breathing, the rescuer must' move to the victim's side 
to perform mouth-to-mouth or mouth-to-nose ventila- 
tion. Several variations of the jaw thrust may be used. 
Wn'en using jaw thrust for mouth-to-mputh ventilation,' 
the rescuer must keep the victim's mouth open with 
his thumbs. and seal the nose by placing his cheek 
against it. However, this is more difficult' to teach and 
practice on manijcins, and more difficult and tiring to 
perform on victims than the head tilt method. For 
mouth-to-nose ventilation with jaw thrust, the rescuer 
uses his cheek to seal- the victim's mouth and does not 
retract tne lower lip with his thumbs. Such, special 
details of performance and the problems associated 
w^th manikin practice limit use of jaw thrust" tech- 
niques to specially trained personnel. 

Breathing.— If the victim does not promptly resume 
adequate spontaneous breathing after the airway is 
opened, artificial ventilation, sometimes called rescue 
• breathing, must be started.' Mouth-tb-mouth breathing 
and mouth : to-nose breathing are both types of arti- 
ficial ventilation. 

. To perform mouth-jto 7 mouth ventilation, the rescuer 
uses his hand behind the victim's neck to maintain 
the head in a position of maximum backward tilt. 
He pinches the victim's nostrils together with the 
thumb an.d index finger of his other" hand, which .also 
continues to exert pressure on the forehead to main- 
tain the backward head tilt. The rescuer then opens 
his mouth widely, takes a deep breath, makes a tight 
seal with his mouth around the victim's mouth and 
blows into the victim's mouth. He then removes his 
mouth and allows, the victim to exhale passively 
watching the victim's chest fall. This cycle is repeated 
once- every five seconds as long as respiratory inade- 
quacy persists. : s 

Adequate ventilation is ensured on every breath by 
the rescuer 

1. Seeing the chest rise and fall 
JAMA, Feb 18, 1974 • Vol 227, No 7 



2. Feeling in his own airway the resistance and 
compliance of the victim's lungs as they expand 

3, Hearing and feeling the air escape during ex- 
halation. The initial ventilatory maneuver should be 
four quich full] breaths without allowing time for full 
lung deflation between breaths. - (See Pig 3.) 

In some cases, mouth-to-nose ventilation is more\ 
effective than mouth-to-mouth ventilation. The former 
is recommended when it is impossible, to' open the 
victim's mouth, when it is impossible to ventilate 
through his mouth, when the victim's mouth is seri- 
ously injured, when it is difficulty achieve a tight 
seal around his month, and when, for" some other 
reason, the rescuer prefers the nasal route. " 

For the mouth-to-nose technique, the- rescuer keeps 
the victim's head tilted back with one hand on the 
forehead and uses the other hand to lift the victim's 
lower* jaw. This seals the lips. The rescuer then takes 
a deep breath, seals his lips around the victim's nose 
and blows in until he feels the lungs expand. The res- 
cuer removes his mouth and the victim is allowed to 
exhale passively: The rescuer can see the chest fall 
when the:victim exhales. When mouth-to-nose ventila- 
tion is used, it may be necessary to open the victim's 
mouth or separate his lips to allow the' air to escape 
during exhalation because' the soft palate' may cause 
nasopharyngeal obstruction. This cycle should be re- 
peated approximately every five seconds. 

Direct mouth-to-stoma artificial ventilation should 
be used for- persons who have had a laryngectomy. 
They have a permanent stoma that connects their 
trachea directly 'to "the skin. It is recognized as an 
opening a;t the front of the base of the neck. Neither 
head tilt nor jaw thrust maneuvers are required 
for mouth-to-stoma resuscitation. For a patient with 
a temporary tracheostomy tube in his airway, it 'is 
usually necessary for the rescuer to seal the victim's 
mouth and nose with his hand or a tightly fitting face 
mask to prevent leakage of air when the rescuer blows 
into the tracheostomy tube. This problem can be pre- 
vented if the tracheostomy tube is provided with an 
inflatable .cuff. 

No adjuncts are required for effective rescue breath- 
ing; so artificial ventilation should never be delayed 
to obtain pr apply adjunctive, devices. 

Infants and CMTd^^-Opening the airway and per- 
forming artificial ventilation are essentially the" same 
for children as for adults. There are some differences, 
however. For infants and small children, the rescuer 
covers, both the mouth and nose of the child with' his 
mouth and uses small breaths with less volume to in- 
flate the lungs once every three seconds. The neck of 
an infant is so pliable that forceful backward tilting 
of the head may obstruct breathing passages. There- 
fore, the tilted position should not be exaggerated. 

Accident Cases.— In accident cases, it is imperative 
that caution be* used to avoid extension pf the neck 
when there is a possibility of neck fracture A frac- 
tured neck should be suspected in diving or automo- ' 
bile accidents when the victim has lacerations of the 
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Fig 3. — Mouth-to-mouth resuscitation 



face and forehead. If a fracture ib suspected, all for- 
ward, backward, lateral, or tarning movejnent should 
J>e avoided. To open .the. airway, a modification of the 
jaw thrust maneuver described above should be used, 
j In this variation, the rescuer "places his hands on 

| either 'side of the victim's head so the head is main- 

r tained in a fixed, neutral position without the head 

extended. The index fingers should then be used to 
displace the mandible forward without tilting the head 
backward or turning it to either side (modified jaw 
thrust). If required,, artificial ventilation usually can 
be provided in this position. If this is . unsuccessful, 
the' head should be tilted back; very slightly and an- 
other attempt made to ventilate, using the modified* 
jaw thrust maneuver. 
Foreign Bodies.— The rescuer should not look 'for 
| foreign bodies in the upper airway unless their pres- 

. ence is known or strongly suspected. The first effort 

! to ventilate the lungs will determine whether an air- 

way obstruction is present, if the first attempts to 
ventilate are unsuccessful despite properly opening the 
airway and providing an airtight seal around the 
[ mouth, an attempt should be made' immediately to 

clear the airway with the fingers. The victim should 
be rolled onto his side, with the rescuer's knee placed 
under his shoulder. The victim's mouth then is forced 
open with the thumb and index crossed-finger tech- 
nique. The rescuer runs his index finger or index and 
middle fingers down the inside of the victim's cheek 
toward the base of the tongue, deep into his throat. 
The rescuer's fingers are moved acros.8 the back of 
the victim's throat with a sweeping motion. Repeated 
attempts may be required. Where skilled, advanced 
life support personnel and equipment are available, 
! direct laryngoscopy may permit the foreign body to 

be removed. 
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Larger foreign bodies frequently can be extricated 
by these finger maneuvers. If the rescuer is unable 
to dislodge : the foreign body, or if it is impacted be- 
low the epiglottis, the victim should be, rolled onto 
his side toward the rescuer, who then delivers ' sharp 
blows with the heel of his hand between the victim's 
shoulder blades. Further attempts at clearing the air- 
way then should be made. If unsuccessful, there should 
be repeated efforts at mouth-to-mouth resuscitation, 
blows 'to the back, and probing the upper airway with 
tjie fingers. A small child having airway obstruction 
should J>e quickly picked up and inverted over the arm 
of the rescuer while the blows are being delivered 
between the child's shoulder biadeB. 

If all of these maneuvers fail, . emergency crico- 
thyroid puncture and insertion of a 6 mm tube have 
been recommended for adults. However, this requires 
appropriate instruments and training and must be re- 
garded as an advanced life support technique. 

Gastric Distension.— Artificial ventilation frequently 
causes distension of the stomach. This occurs* most 
often in children, but it is not uncommon in adults. 
It is most likely to occur when excessive pressures' are 
used for inflation or If the airway is obstructed. Slight 
gastric distension may be disregarded. However, 
marked distension of the stomach may* be dangerous 
because it promotes regurgitation, and it reduces lung 
volume by elevating the diaphragm. Several cases of 
gastric rupture resulting from overdistension have 
been reported. Obvious gross distension should be re- 
lieved whenever possibly In the unconscious victim, 
this can fee accomplished without adjuncts by using one 
hand to ' exert moderate pressure over the victim's 
epigastrium between the umbilicus and the rib cage. 
To prevent aspiration' of gastric contents' during this 
maneuver, the victim's head and shoulders* should be 
turned to one side. 



Artificial Circulation 
(External Cardiac Compression) 

When sudden, unexpected cardiac arrest occurs, all 
of the A-B-Cs of basic life support are require*} in 
rapid succession. This includes both artificial ventila- 
tion and artificial circulaton (external cardiac com- 
pression). Cardiac arrest is recognized by pulseless- 
ness in large arteries in an unconscious victim having 
a death-like appearance and absent breathing. The 
status of the carotid pulse should be checked as quickly 
as possible when cardiac arrest is" suspected. In an un- 
witnessed cardiac arreBt, the rescuer first opens the 
airway and quickly ventilates the lungs four times. 
He then maintains the head tilt with one hand on the 
forehead, and with the 'tips of the index and middle 
fingers of the other hand, gently locates the victim's 
larynx and slides his fingers laterally into the groove 
between the; trachea and the muscles at the side of 
the neck where the carotid pulse can be felt The pulse 
area must be felt gently, not compressed. 

There are a number of reasons for recommending 
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palpation of the carotid pulse rather than other pulses. 
First, the rescuer already is at the victim's head to 
perform artificial ventilation and the carotid pulse is 
in the same area. Second, the neck area generally is 
accessible immediately, -without removal of any cloth- 
ing. Third, the carotid arteries are central and some- 
times these pulses will persist when' more peripheral 
pulses are no longer palpable. Trainees should prac- 
tice palpation of the carotid pulse during classes. In 
hospital situations, palpation of the femoral artery is 
an acceptable option to use instead of the carotid 'ar- 
tery. It is not practical to feel the carotid pulse in 
infants and small children. Instead, the rescuer's hand 
should be placed gently over the precordium to feel .the 
apical beat t 

Absence or questionable presence of the pulse is 
the indication for starting artificial circulation by 
means of external cardiac compression. External car- 
diac compression consists, of the rhythmic application 
of pressure over the lower one half of the sternum, 
but not over the xiphoid process. The heart lies slight- 
ly to the left of the middle of the chest between the 
lower sternum and the spine. Intermittent pressure 
applied to the sternum compresses the heart and pro- 
duces a pulsatile artificial circulation. During cardiac 
arrest, properly performed external cardiac compres- 
sion can produce systolic blood pressure peaks of over 
100 mm Hg, but the diastolic pressure is zero and 
the mean pressure seldom exceeds 40 mm Hg in the 
carotid arteries. The carotid artery blood flow result- 
ing from external cardiac compression on a cardiac 
arrest victim usually is only one quarter to one third 
of normal. 

External cardiac compression always must be ac- 
companied by artificial ventilation. Compression of the 
. sternum produces some ventilation, but the volumes 
are insufficient for adequate oxygenation of the blood. 
Therefore, artificial ventilation is always required when 
external cardiac compression is used. . 

Technique for External Cardiac Compression. — The 
patient always must be in the horizontal position when 
external cardiac compression is performed since, dur- 
ing cardiac arrest, there is no blood flow to the brain 
when the body is in the vertical position, even during 
properly performed external cardiac compression. It ■ 
is imperative, therefore, to get the cardiac arrest vic- 
tim into- a horizontal position as quickly as possible 
in situations where he is vertical, such as in a dental 
chair, trapped in a vehicle, stricken on a telephone 
pole, while in a stadium seat; or in any similar situ- 
ation. Elevation of the lower extremities, while keep- 
ing the rest of the body horizontal, may promote venous 
return and augment artificial circulation during ex- 
ternal cardiac compression. 

Effective external cardiac compression requires suf- 
ficient pressure to depress an adult's lower sternum 
a minimum of 1% to 2 inches. For external cardiac 
compression to be effective, the victim must be on 
a firm surface. This may be the ground, floor, or a 
apineboard on a wheeled litter. If the'victim is in bed, 
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a board, preferably the full width of the bed, should 
be placed un|der his back. However, chest compression 
must not be | delayed while this support is awaited. 
^ The rescuer positions himself close to the victim's 
side and places the long axis of the heel of one hand 



feejs. tae^tb 

^ower^'one half of the sternum a&oiit r to 1% inches 

fg9$R!P$ aafl toward the* Mc- 

^JBWWW- Ee* thefi places ^the other hand on top of 
the first one (and may interlock the fingers), brings 
his shoulders directly over the victim's sternum, keeps 
his arms straight, and exerts pressure almost vertical- 
ly downward! to depress the lower sternum a minimum 
of iy z to 2 inches. The compressions must be regular, 
smooth, and ' uninterrupted. Relaxation must immedi- 
ately follow compression and be of equal duration. 
The heel of the rescuer's hand should not be removed 
from the chest during relaxation but pressure -on the 
sternum should be completely ' released so that it re- 
turns to its : normal resting position between com- 
pressions. (See Fig 4,) 

Since arti^cial circulation always must be combined 
with artificial ventilaton, it is preferable to have two 
rescuers.- Onje rescuer positions himself at the vic- 
' tim's side and performs external cardiac compression 
while the othfcr one remains at the victim's head, keep- 
ing it tilted back," and continues rescue breathing. The 
compression rate for two. rescuers is 60 per ityinute. 
When performed without interruption, this rate can 
maintain adequate blood flow and pressure and will 
allow cardiac refill. This rate is practical because it 
avoids fatigue, facilitates timing on the basis of one 
compression per second, and allows optimum ventila- 
tion and circulation to be achieved by quickly inter- ■ 
posing one inflation after each five chest compressions 
without any pause in- compressions (5:1 ratio). The 
rate of 60 compressions per minute allows breaths to 
be interposed without any pauses. Interposing the 
breaths without any pauses in compression is impor- 
tant, since any interruption in cardiac compression 
results in .a drop in blood flow and blood pressure to 
zero. (See Fig 4.) 

Two rescuers can perform CPE best when they are 
on opposite sides of the victim. They can then switch 
positions when . necessary without any significant in- 
terruption in : the 5:1 rhythm. This is accomplished by 
the rescuer who is performing artificial ventilation 
moving to the side of the victim's chest immediately 
after he has :iafiated the lungs. He places his hands 
in the air next to those of the other rescuer who con- 
tinues to perform external cardiac compression. As 
soon as the ofcher hands are properly placed, the res- 
cuer performing chest compression removes his hands 
(usually after the third or fourth in the series of 
compressions) and the other rescuer then continues 
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AfHWAY 

Fig 4.— Two-rescuer cardiopulmonary resuscitation 

♦ 5 chest compressions 

-Rate of 60/ minute 
-No pause for ventilation 

• 1 lung inflation 

-After each 5 compressions 
-Interposed between compressions 

with the series of compressions. The rescuer who had 
been compressing then moves to the victim's head 
and interposes the next breath. 

If the victim's trachea has been intubated, Inn* in- 
flation is easier and compression rates up to 80 per 
minute can be used since, breaths can be either inter- 
posed or superimposed following: endotracheal intuba- 
tion. 

. T 1 ^ 1 ^ is on] y one re scuer 3 he muat perform 
both artificial 1 ventilation and artificial circulation us- 
• f J ? tl °' This c °nsisf3 of two very quick lung 
znflatKma .after each IS chest compressions (Fig S) 
Because of the interruptions for lung mflationfthe 
single rescuer must perform each series of 16 chest 
compressions at the faster rate of 80 compressions per 
minute m order to achieve an actual compression rate 
of 60 per minute. The two full l un g inflations must 
be delivered in rapid succession, within a period of five 
to six seconds, without allowing full exhalation be- 

*ZL ^ K time f0r fuU «*alaii«n ^re 

allowed, the additional time required would reduce the - 

number of compressions and ventilations that could 
be achieved in a one-minute period. 

Infants and Children.— With a few exceptions, the 
cardiac compression technique is similar for children 
For small children, only the heel of one hand fs 2d 
and, for infants, only the tips of the index and middle 
fingers are used. The ventricles" of infants and small 
children he higher in the chest and the external pres- 
sure should be exerted over the midsternum. The dan- 
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•Fig 5.— One-rescuer cardiopulmonary resuscitation- 

• ,15 chest compressions (rate of 80/ minute) 

• 2 quick lung Inflations 



ger of lacerating the liver is greater in children be- 
cause of the pliability of the chest and the higher 
position of the liver under the lower sternum and 
xiphoid. Infants require one half to three fourths of 
an inch compression of the .sternum; young children 
require three fourths to 1% inches. The compression 
rate should be 80 to 100 per minute with breaths de- 
signs " 38 P0SSiMe after each five °°nipres- 

hoS ^ a "S' a u d f maU Chil<jren ' *>**ward tilt of the 
head lifts the back. A firm support beneath the back 
is therefore required for external cardiac compres- 

*°A Provided by the rescuer sliPPmg on e 
hand beneath the child's back while using the other ' 
hand to compress the chest. A folded blanket or other 
adjunct can also be used beneath the shoulders to 
provide support. For small infants, an alternate meth- 
od ia to encircle the chest with the hands and com- 
press the midsternum with both thumbs 

Checking Effectiveness of CPR.—The reaction of 
the pupils should be checked periodically during car- 
diopulmonary jresuscitation, since this provides the best 
indication of delivery of oxygenated blood to the vie 

STlS"; that COnStrict when exposed £ 

hght indicate^adeqnate oxygenation and blooffiow to 
the bram If the pupils remain widely dilated and do 
not react to hght, serious brain damage is imSnent 

ommous. Normal pupillary reactions may be altered 
* the aged and frequently are altered, in anTin 
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Fig 6.— Precordial thump 



dividual, by the administration of drugs. 

The carotid- pulse should be palpated periodically 
duringr CPE in order to check the effectiveness of ex- 
ternal cardiac compression or the return of a spon- 
taneous effective heartbeat; This should be done after 
the first minute of CPR and every few minutes there- 
after, when additional rescuers are present and in- 
terruptions can be minimized. It should be checked 
particularly at the time of change" of rescuers. 

Precordial Thump 

Continuing research and clinical' experience have 
delineated a role for the precordial thump, but only in- 
specific types of cardiac arrest cases. Recognizing both 
its Imutafaons and usefulness, the Conference recom- 
mends the precordial thump as a basic maneuver to 
ba used by all levels of rescuers following the detection 
of pulselessness in adults in these cases: ' 

• o" 3 itne38ed cardiac arrest (basic life support) 

2. Monitored patient (advanced life support) 

3. Pacing known atrioventricular block (advanced 
life support). 

The effectiveness of the precordial thump in the un- 
momtored patient or in an unwitnessed, cardiac arrest 
has not been determined. Since the myocardium fre- 
quently may be anoxic in these situations a specific 
recommendation for precordial thump cannot be made 
for them. At this time the precordial thomp is not 
recommended for use on children. . 

In cases where the primary cause of cardiac arrest' 
is not hypoxia, such as in a witnessed cardiac arrest 
or in a monitored patient, a single precordial thump 
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may be effective in restarting circulation and may re- 
verse certain- dysrhythmias if performed within the 
first minute after arrest. In those situations, an initial 
thump on the midsternum using the fist may be the 
first maneuver performed following the determination 
of pulselessness. 

Such a blow generates a small electrical stimulus in 
a heart that is reactive.. The thump may be effective 
in restoring a beat in cases of ventricular asystole due 
to Mock, and in reversing ventricular tachycardia, or 
ventricular fibrillation of recent onset. When neces- 
sary it may be possible to use the fist as a pacemaker 
to.some cases of heart block. When a series of chest 
thumps abused for this purpose, the pulse should be 
palpated before each thump. 

The precordial thump is not useful for anoxic asys- 
tole and cannot be depended upon to convert an estab- 
lished ventricular fibrillation, nor is it useful for elec- 
tromechanical dissociation associated with exsanguina- 
tion. It ; should not be used for a ventricular tachy- 
cardia that is providing adequate circulation 

The precordial thump should be used to provide a 
stimulus to a potentially reactive heart. However, it 
is not a substitute for effective external cardiac com- 
pression. 

There are also hazards associated with the precor- 
dial thump. In cases x>f an anoxic heart that is still 
beating the low voltage stimulus may induce ventricu- 
lar fibrillation. In addition, persons who do not restrict 

%s£z^ i sr mM bw may 

shoidtlSed: 6 PreC ° rdial ^ *~ "** 

1. Deliver a sharp, quick single blow over the mid- 
portion of the sternum, hitting with the bottom, fleshy 
portion of the fist struck from 8 to 12 inches over the 
chest. (See Fig 6.) - 

2. Deliver, the thump within the first minute after 
cardiac arrest. 

3. If there is no immediate response, begin basic 
life support at once. . 

The Precordial thump is integrated into the basic 
pattern of CPR differently, depending upon the cir- 
cumstances surrounding the cardiac arrest. The tech- 
niques for using the thump in cases of witnessed ar- 

beW r ^ arre - 9t ° f 8 monitored patient a « S^en 

Technique. for Witnessed Cardiac Arrest 

1. Tilt the head to open the airway and simultane- 
ously palpate the carotid pulse. 

2. If the pjulse is absent, give a precordial thump. 

fu.t l^infikw 13 "* breathiDR -** ^ 

.„ 4 " J f , pu l a * bathing are not immediately re- 
stored, begin one-rescuer or two-rescuer CPR. 

Technique f«r Monitored Patient (For use with pa- 
*™ !?. dd ? tt venttictt ^ fibrillation pre], 
asystole, or ventricular tachycardia fVT] without 
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A 

AIRWAY 

Fig 4.—- Two-rescuer cardiopulmonary resuscitation 

• 5 chest compressions 

-Rate of 60/ minute 
-No pause for ventilation 

• 1 lung Inflation 

-After each 5 compressions 
-Interposed between compressions 



•Fig 5.— One-rescuer cardiopulmonary resuscltatlon- 

• 15 chest compressions (rate of 80/mInute) 

• 2 quick lung Inflations 



with the series of compressions. The rescuer who had 
been compressing then moves to the victim's head 
and interposes the next breath. 

If the victim's trachea has been intubated, lung in- 
flation is easier and compression rates up to 80 per 
minute can be used since, breaths can be either inter- 
posed or superimposed following endotracheal intuba- 
tion. 

When there 13 only one rescuer, he must perform 
both artificial ventilation and artificial circulation us- 
ing a 15:2 ratio. This consists- of two very quick lung 
inflations .after each 15 chest compressions (Fig 5). 
Because of the interruptions for lung inflation, the 
single rescuer must perform each series of 15 chest 
compressions at the faster rate of SO compressions per 
minute in order to achieve an actual compression rate 
of 60 per minute. The two full lung inflations must 
be delivered in rapid succession, -within a period of five 
to six seconds, without allowing full exhalation be- 
tween the breaths. If time- for full exhalation were 
allowed, the additional time required would reduce the 
number of compressions and ventilations that could 
be achieved in a one-minute period. 

Infants and Children.— With a few exceptions, the 
cardiac compression technique is similar for children. 
For small children, oiily the heel of one hand is used, 
and, for infants, only the tips of the index and middle 
fingers are used. The ventricles of infants and small 
children lie higher in the chest and the external pres- 
sure should be exerted over the midsternum. : The dan- 
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ger of lacerating the liver is greater in children be- 
cause of the pliability of the chest and the higher 
position of the liver under the lower sternum and 
xiphoid. Injfants require one half to three fourths of 
an inch compression of the .sternum; young children 
require three fourths to 1% inches. The compression 
rate should be 80 to 100 per minute with breaths de- 
livered as quickly as possible after each five compres- 
sions. 

In infants and small children, backward tilt of the 
head lifts the back. A firm support beneath the back 
is therefore required for external cardiac- compres- 
sion and can be provided by the rescuer slipping one 
hand beneath the child's back while using the other ' 
hand to compress the chest A folded blanket or other 
adjunct can also ,be used beneath the shoulders to 
provide support. For small infants, an alternate meth- 
od is to encircle the chest with the hands and com- 
press the midsternum with both thumbs. 

Checking Effectiveness of CPR.—The reaction of 
the pupils should be checked periodically during car- 
diopulmonary resuscitation, since this provides the best 
indication of delivery of' oxygenated blood to the vic- 
tim's brairu Pupils that constrict when exposed to 
light indicate adequate oxygenation and blood flow to 
the brain. If the pupils remain widely dilated and do 
not react to light, serious brain damage is imminent 
or has occurred. Dilated but reactive pupils are less 
ominous. Normal pupillary reactions may be altered 
an the aged and frequently are altered, in any in- 
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1. Give a single precordial thump. ' 

Jh?™^ l he mODitor for rtythm 

and simultaneously check carotid pulse. 

3. If there is ventricular fibrillation or ventricular 
tachycardia without a pulse, countershock as soon as 

V* ^ PUlse is abaent ' tut the head, «ive four 
quick, full lung inflations. 

5. Check the carotid pulse again, 
rescuer " be * iD or two- 

/t wast be emphasized strongly that no time should 
be tost in watting to assess the results of the pre- 

%X> or by dAiv&ring re3>eaud 

Pitfalls in Performance of CPU 

men CPE is performed improperly or inadequately 

££? VentilatJ ?°. and circulation may be 

ineffective in providing basic life support. Enumerated 
below are important points to remember in perfora- 
tive? C * rdiaC compresaion artificial ven- 
1. Do not interrupt CPR for more than five sec- 
ste?ci° r reaS ° n ' ***** in the f0llowiDe circum - 

• * v °?- Under emer « eQ cy conditions, endbtracheal 
intubation usually cannot be accomplished in fivelS 

anf ehoZT' f 3n life SU PP° rt mea *« a 

and should be performed only by those who are well 

trained and well practiced in the technique and only 
. after the victim haa been properly positioned and all 
preparations made. Even under these circumstances, 
interruptions m CPR for endotracheal intubation 
should never exceed .15 seconds. • 

(ZO When moving a victim up or down a stair- 
way, rt is difficult to continue effective CPR. Under 

CPRat^hT^ 063 '/ 11 13 b68t t0 P erform Active 
CPR at the head or foot of the stairs, then interrupt 

level where effective CPR is resumed. Such interrup- 
tions usually should not exceed 15 seconds 1BterrUp 

sit!' JSn 1 "? T Ve ? e Patient t0 a mo re convenient 
site until he has been stabilized and is ready for 
transportation or until arrangements have been made • 
for uninterrupted CPR during movement. 

of fh» J!L COfflP £v S tbe Xiphoid P roces3 at ae tip 
tJ^L » The 3dph0id °°«*ward over 

the abdomen Pressure on it may cause laceration of 
the hver, which can lead to severe internal bleeding 

,n^r^ een , COmpres3iona ' ** heel of the hand must 
completely release its pressure but should remain in 

Z"£S * he Chest waJ1 over th e ^wer 

one half of the sternum. 

5. The rescuer's fingers should not rest on the vic- 
tim 3 ribs during compression. Interlocking the fingers 
of the two hands may help avoid this. Pressure with 
fingers on the ribs or lateral pressure increases the 
possibzlity of rib fractures and costochondral separa! 



6. Sudden or jerking movements should be avoided 

b^nZT^ the Che8t - The session shTuS 
be smooth, regular and uninterrupted (50% of the 

Ki 3 n7 o ^T 6 *'™ and »* £ - 

action) Quick jabs increase the possibility of in- 
jury and produce quick jets of flow; they do not 
enhance stoke volume or mean flow 'and presU? 

#. uc , not mamtain continuous pressure on the ab- 
domen to decompress the stomach while performing 
external cardiac 'compression. This may trap the Tve? 
. and could cause it to rupture. 

■ 8 - ™e shoulders of the rescuer should, be directly 

straight. Pressure ,s applied vertically downward on 
the.Iower s^rnum. This provides a maximally effective 
thrust, minimal fatigue for the rescuer, and reduced 
hazard of complications for the victim. When the 

kneel or stand at his side. When he is on a bed or 
high-wheeled itter. the rescuer must be on a step £ 
i , 0 *J? ee3in * ™ «»e bed or Utter. With a low- 
wheeled fitter, the rescuer can stand at the victSs 
side. Problems arise with the use of low-wheeled™ 
ters m ambulances. Special arrangements must be 
made for proper positioning of the rescuer baaed on 
the design of the ambulance. 

lV* JJ*- l0 ^ er ,f ternum °* ™ adult must be depressed 
1% to 2 inches by external cardiac compression. Lesser 
amoun s of compression are ineffectual si£e even 
properly performed cardiac compression provides only 
about one quarter to one third of the normal blood flow 
10. While complications may result from improperly 
performed external cardiac compression and precoX 
ttumps. even properly performed external cardiac 
comp reaaion may cauae ^ flRctatea ^ 

2Sp CO f 2« Cat£ ° D3 tbat ma r occur with properly 

S^l 0 ^^ 6 fracture o£ the ^temuin co £ 
chondral separation, pneumothorax, hemothorax lun* 

These comphcataons can be minimized by careful at- 
tention to details of performance. It-must be remem- 
bered, however, that during cardiac arrest, effective 
cardiopulmonary resuscitation is required eveTtf ft 

SK« istt cafclons ' 8ince aIteraattve to eff - ' 
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Dr mrag^Exte^ re3ear ch has" delineated the 
events and mechanisms .of drowning and the detailed 
Physiological variations between fresh waSr antta 
water submersion. However, basic life support irJZ 
citation procedures following drowning are £e sanie 

cpRTo n h i e h sup ^ rt pr i nciple3 presented 

OTR should be performed as quickly as possible. There 
are a few special considerations, given below: 

I. When attempting to rescue a drowning victim 
the rescuer should get to him as quickly as noS' 

l r 2T b $ r £ ith ?0me such as a W S 

^rfboard. If a conveyance is not available, a floStio n 

Standards for CPR and ECC 



01:52 PM FRIEDMAN & FRIEDMAN (312) 922-1636 



device should- be carried by the rescuer. The -rescuer 
always must exercise care not to endanger himself 
while trying to aid a drowning person. 

Z. External cardiac compression should never be 
attempted in the water because it is impossible to 
perform it there effectively. 7 

'8. Mouth-to-mouth or mouth-to-nose ventilation may 
be performed in the water, although it is difficult and 
often impossible in deep water unless the rescuer has 
some type of flotation device to support, the victim's 
head. ' * . * 

4. Artificial ventijation always should be started as 
soon as possible, even before the victim is moved out 
of 'the water, into a boat or onto a surfboard/ As soon 
as the rescuer can stand in' shallow water he should 
begin artificial ventilation. 

5. In cases of suspected neck injury, the victim must 
be floated onto a back support before being removed 
from the water. If artificial respiration is* required; 
the routine head tilt or jaw thrust maneuvers should 
not be used. Artificial ventilation' should ' be accom- 
plished with the head maintained in a neutral post- 
tion and using a modified jaw thrust maneuver (as 
described under "Accident Cases/' p 843). 

6. When removed from the water, the victim should 
have standard artificial ventilation or cardiopulmonary 
resuscitation performed according* to the standards 
previously described.' 

7. Drowning victims swallow large volumes of water 
and .their stomachs usually become distended. This 
impairs ventilation and circulation and should be 
alleviated as soon- as possible. To relieve" the disten- 
sion, the victim may be turned on his side and his 
upper abdomen compressed or he may be turned over 
quickly into the prone position and lifted with the 
rescuer's hands under: the stomach to force water out. 
This is referred to. as breaking" the victim. 

8. There should be no delay in moving the victim 
to a life support unit where advanced life support 
capabilities are available. Every submersion victim, 
even one who requires only minimal resuscitation, 
should be transferred to a medical facility for follow- 
up care. 

Electric Shock. — Electric shock may induce a variety 
of phenomena ranging from* the benign to the iethal. 
The outcome depends largely upon the amplitude and 
duration of contact with the current. Other than 'burns 
of varying severity and injuries due to falls, the • 
possible emergency events to.be recognized include: 

1. Tetany of the musculature of breathing, which is 
usually confined to the duration of the shock but may. 
produce secondary cardiac arrest if the' tetanizing 
shock is of a prolonged duration. 

2. Prolonged paralysis of respiration, which may 
result from a massive' convulsive phenomenon and may 
last for minutes after the shock current has termi- 
nated. 

3. Ventricular fibrillation or other serious cardiac 
arrhythmias (such as runs of premature ventricular 
contractions or ventricular tachycardia that may prog- 
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ress to ventricular fibrillation) produced by low voltage 
currents, (110 to 220 v) sustained* for several seconds. 

The prognosis for victims of electric shocks is not 
predictable- easily since the amplitude, and. duration of 
the charge usually are not known. Failure of either 
respiration or .circulation is likely to result. 

After safely clearing a victim from, an energized 
object, • the rescuer should determine his cardiopul- 
monary 'status immediately. If spontaneous 'respira- 
tion or circulation is absent; the technique of cardio- 
pulmonary resuscitation outlined in this statement 
should be initiated. 

In cases where electric shock occurs on a public 
utility pole, a precordial thump should be delivered 
and mouth-to^outh ventilation started at once. The 
victim must then' be lowered .to the ground as quickly 
as possible. CPE is only effective when performed on- 
a victim in the horizontal position/ 

Beginning and Terminating Basic Life Support 

CPR is most' effective when started immediately 
after cardiac* arrest. If cardiac arrest has persisted 
for more than ten minutes, cardiopulmonary resusci- 
tation is unlikely to restore the' victim to his pre- 
arrest central nervous system status. If there is any 
question pf the exact duration of the arrest, the vic- 
tim should be' given the benefit .of the doubt and 
resuscitation started. 

Basic life support is not indicated; for a victim who 
is known to be in the terminal stages of an incurable 
condition. When resuscitation is indicated and started 
in the absence of a physician, it should be continued 
until one of 'the following occurs: 

1. Effective spontaneous circulation and ventilation 
have been restored. 

2. Resuscitation efforts have been transferred to 
another responsible person who continues basic life 
support. ' .* • 

3. A physician assumes responsibility. 

4. The; victim is transferred to properly trained and 
designate^ professional medical or allied health per- 
sonnel' charged with responsibilities for ' emergency 
medical services. 

. 5. The rescuer is exhausted and unable to continue 
resuscitation. 

The decision to stop resuscitative efforts is a medi- 
cal one. (See sections on ''Advanced Life Support" and 
"Medicolegal Considerations,") 

Training and Certification in 
Basic Life Support 

Artificial Ventilation Only. — Every effort should 
be made to teach artificial ventilation to all members 
of the general public. Training the entire population 
should be accomplished through: .American National 
Red Cross courses, as well as through schools, YMCA's, 
clubs, locail groups, and medical,.paramedical and rescue 
organizations. All school children should be required to 
have annual training in artificial Ventilation beginning 
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in the fifth grade, and a major national effort should 
be mounted to achieve this objective in the shortest 
possible time.- 

The Conference further recommends .that training 
should be provided by courses conducted' by "traineji. and 
certified instructors according to the • technique de- 
scribed above and in accordance with the training 
standards of the American Heart Association. For opti- 
mum results, training should include ' such media! as 
lectures, demonstrations, posters, slides, and movies. 
Actual practice on training manikins is 'required fb 
-assure efficiency of performance.' Acceptable manikins 
must simulate obstruction of the airway when ' the 
head is "not- tilted back 'maximally, allow mquth-to- 
raouth and mouth-to-nqs.e' ventilation, and simulate 
rise of the chest when the lungs are inflated/ graining 
should be to a level of demonstrated proficiency , iij 
mouth-tb-mouth and mouth-to-nose "resuscitation'' on 
adult manikins and mouth-to-mouth-and-nose resuscita- 
tion on infant manikins. 

Basic Life Support— CPR is an emergency proce- 
dure that requires special training both' to repognize 
• cardiopulmonary arrest and to perform artificial ven- 
tilation and artificial circulation. In order to ensure 
the widest possible benefits of its * application, pro- 
grams should be started to train .the general public 
in basic life support according to the "recommended 
American Heart Association standards. Initially* 
groups with the greatest need such as policemen,' 
firemen, rescue workers^ lifeguards, high-risk industry 
workers; and families of cardiac patients may receive 
preference; but the'goal should be to train the general 
public, starting with school children ' at the eighth 
#rade level. " 

Basic life support training of the public should be 
under the auspices of the American National Red. 
Cross, the Y&ICA, and comparable volunteer and putb 
lie service agencies concerned with saving lives. Train- 
ing programs must adhere to the standards of the 
American Heart Association. 'These -agencies should 
participate in training' CPR instructors to teach basic 
life support and in certifying allied health personnel 
anjl nonmedical groups, public specialty groups, school 
children, and other segments of the population accord- 
ing to the training and performance' standards of the 
American Heart Association ds recommended by the 
National Research Council. 

In addition to Jectures, demonstrations, and films, 
actual practice and demonstration of proficiency ' in 
both the; ventilatory and the circulatory components 
of cardiopulmonary resuscitation are required on train- 
ing, manikins. GPR cannot be taught or practiced on 
conscious or uncdnscipus human -subjects. ' 

Manikins used in CPR training programs must pro- 
vide (a) airway obstruction when the neck is flexed, ' 
(&) effective chest movement as a result' of proper 
lung ventilation via mouth or nose, and (c) adequate 
movement of the sternum aB a result of properly ap- 
plied external cardiac cpmpression against resistance. 
In addition, it is desirable for training devices to 

850 *JAMA, Feb 18, 1974 • Vol 227, No 7 



provide a simulated carotid pulse and an objective 
means (lights,* gauges, strip chart) by which the stu- 
dent or instructor can determine adequacy of lung 
inflation and chest cpmpression. and mistakes in hand 
position^ Palpation of the actual carotid pulse should 
also be practiced on other trainees! 

To simplify instruction in basic life support, initial 
training should cover the recommended A-B-C sequence 
used for an unwitnessed cardiac arrest. When the 
trainee understands and can perforin- this effectively, 
further instruction should include use" of precordial 
thump for witnessed cardiac arrest.and for monitored 
patients. 

Certification in CPR. — The purpose of certification 
is, as far" as; possible, to maintain adherence to- uni- 
form national standards established or recognized by 
the American' Heart Association. Certification will be 
accomplished through the uae of national' cognitive 
(written- or oral) and performance examinations. Re- 
ceipt of certification will be contingent on. satisfactory 
completion of such" examinations ' and will indicate 
that the person certified was found to be qualified at 
the time of examination to perf ofin and/or teach those, 
and only those, emergency techniques indicated by the 
certifying individual or agency." The process of train- 
ing, certification, and recertification is intended to de- 
velop and maintain a mechanismfor emergency cardiac 
care and resuscitation that is' both broadly available 
and uniformly effective, in a manner most consistent 
with the public, interest and safety. Certification does 
not imply that the American Heart Association or any 
designated certifying individual or. agency either war* ' 
rants or assumes responsibility f Qr the performance 
of individuals subsequent to their certification. 

An initial course leading to * certification in CPR 
should be.f or small grqups and should include didactic 
presentations. and sufilcient supervised, intensive mani- 
kin practice for every student to become proficient in 
detecting breathlessness and pulselessness and in per- 
forming the sequential steps of rescue breathing and 
external, cardiac compression. Both one-rescuer and 
two-rescuer CPR should be practiced. . 

Periodic recertification or refresher courses that 
include retesting on manikins are required for all 
personnel; including instructors. The exact frequency 
for such recertification may' need to be regulated on 
the basis of the professional skill* and experience of 
particular grdups." At present, suggested requirements 
for nonmedical groups are recertification one year from 
the initial course and then at least every three years 
thereafter, or : more frequently" where indicated. 

CPR Instructors.— C?R instructors should be highly 
motivated individuals who represent special or or- 
ganized groups in the community in which they will 
provide CPR training, have a background in or the 
capability for .teaching, have an interest in or a role 
in the delivery of CPR, have completed an initial CPR 
course, and have successfully completed the CPR in- 
structor's course according to American Heart Asso- 
ciation standards and have a yalid instructor's cer- 
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tificate. 

-Certification of instructors will indicate that the 
recipient has passed the examination for' instructor 
certification as defined elsewhere in this statement, 
and it wilj authorize the holder to conduct CPR courses 
according to standards of fixe American Heart Asso- 
ciation. Certification of instructor? is not intended to 
imply that the American Heart Association or any 
other certifying agency warrants or assumes respon- 
sibility for the performance of individuals trained by 
Such certified instructors. 

Certification of instructors is valid for a specified 
tune and-must be. renewed periodically. If instructors 
ara actively engaged in CPS instruction" or perform- 
ance and/are iamiliar with new techniques, they may 
be recertified after review by local certifying authori- 
ties. If they are not actively- engaged, in training, they 
should attend a receilifiGatron course as detailed above. 

Conference Recommendations.— The Conference 
recommends that CPE training- be given to all' eighth 
grade pupils and that it be repeated 'each year through 
high school Additional pilot studies ;are Required to 
determine the effectiveness of newer training methods. 

The Conference mandates that CPR courses be re- 
quired- as part of the curriculum of all medical, dental, 
nursing, osteopathic, respiratory therapy, and' other 
allied health schools. In order to implement this, the 
Association of American Medical Colleges should be 
made aware of this requirement ' so that' all schools' 
include instruction in basic life support and require a 
demonstration of proficiency in performance of this 
technique as part of their curricula. * 

♦ The Conference recommends that every hospital with 
acute care facilities must assign to a specific committee 
the responsibilities for providing CPR teams on a 24- 



hour-per-4ay basis and that they be capable of per- 
forming CPR and all .aspects of emergency life sup- 
port. The' CPR or emergency life support team should 
consist of nurses, technicians, respiratory" therapists, 
house staff, and on-call attending staff. Wheraver pos- 
sible, the CPR hospital committee should be composed 
of, at least, a surgeon, a cardiologist, an anesthesiolo- 
gist, ah ,ih T service nurse, and an administrator. The 
committee should be* responsible for providing a 
written plan of action (protocol), CPR training and 
practice sessions, and a record of CPR occurrences 
available for periodic audit and review^ 

The Conference recommends that all nurses and 
physicians, including house staff, should be competent 
m all phases Q f CPR. To accomplish this, it is recom- 
mended that all hospitals' require t}iat, for annual staff 
reappointment, all physicians must either : ' " 

1. Demonstrate proficiency in basic life support 
through participation in actual resuscitation efforts 
or in teaching CPR to others, or 

2. Agrefe to attend an approved training or retrain- 
ing course offered by the hospital or their local heart 
association. « 

All hospital medical and nursing emergency depart- 
ment personnel must be trained an<J certified in basic 
and advanced life support, and all allied' health per- 
sonnel mu£t be trained in' basic life support. 

The Conference further recommends that all hospi- 
tals and all state boards of health, divisions of hos- 
pital licensing, change their rules to conform to the 
above requirements and that they be included in the 
standards :f or hospital accreditation by the Joint Com- 
mission on Accreditation of Hospitals and as. a stated 
policy of flje American Hospital Association. 
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Part III.— Advanced Life Support 



. Ab used in this statement, advanced life support 
consists of the following elements: 

1. Basic life support. 

2. Using adjunctive equipment and special tech- 
niques, $uch as endotracheal intubation and open chest 
internal cardiac compression. 

S. Cardiac monitoring for dysrhythmia recognition 
and control. 

4. Befibrillating. 

5. Establishing and maintaining an intravenous in- 
fusion lifeline. 

6; Employing definitive therapy, including drug ad 7 
ministration (c) to correct acidosis and (6) to aid in 
establishing and maintaining an effective cardiac 
rnythm and circulation. 

7. Stabilisation of the patient's condition. 

In some cases, advanced life support includes trans- 
portation that has (a) communication to ensure con- 
tinuity of care and (6) the* capability of constant 
monitoring and life support- until the patient haB been 
transported and admitted to a continuing care facility. 

Advanced life support may be provided either by 
nonmobile life support units or by mobile life support 
units. Each unit must be staffed with highly trained 
personnel andspecialized equipment, in order to deliver 
the quality' of care demanded by . the criteria listed 
above. _ Each of these elements of advanced life sup- 
port includes* various components as described below. 

Basic Life Support 

All approaches to advanced life support must in- 
clude a well-established basic life support capability, 
aa described in Part II, "Basic Life Support/' and 
illustrated in the frontispiece and in Fig 1,. Life Sup- 
port Decision Tree. 

Adjunctive Equipment and 
* Special Techniques 

Adjunctive equipment is not essential for cardio- 
pulmonary resuscitation. It may be used when it be- 
comes available, but only by specialized personnel who 
have had adequate training witli the specific devices 
to be used. iBasic life support should not be decayed 
while awaiting equipment, nor should use of equip- 
ment result in diverting attention or effort from basic 
resuacitative measures. When considering adjunctive 
equipment, it must be remembered that personnel 
must be trained to a level of demonstrated proficiency 



in the use of adjunctive equipment, even equipment 
of a relatively sirhple nature. In addition, adjunctive 
equipment must be tested periodically for satisfactory 
performance according to prescribed regulations; Ade- . 
qiiate records of such tests also must be maintained. 

AdjunctB for Airway and Ventilation 

Oxygen.— Supplemental oxygen . shpuld be used as 
soon as it becomes available. Bescue breathing (exhaled 
air ventilation) will deliyer about 16% to 17% oxygen . 
to the. patient. Ideally, this will produce an alveolar 
oxygen tension of 80 torr. However, because of the 
low cardiac output (large arteriovenous 0 2 gradient) 
associated with external cardiac compression and the 
presence of -intrapulmqnary shunting and ventilation- 
perfusion abnormalities, niarked discrepancies will oc- 
cur between; the alveolar and arterial oxygen tension 
and hypoxerjua may ensue. Hypoxemia leads to anaer- 
obic metabolism and metabolic acidosis, which fre- 
quently impair the beneficial effects of chemical and 
electrical therapy. 

Because. of this, the Conference recommends that 
supplemental oxygen always be used when bag-valve^ 
mask or bag-valve-tube systems are used. This will 
enhance myocardial and cerebral oxygenation that is 
essential for successful resuscitation. 

Oropkary^geal Airway.— Oropharyngeal airways 
should be usee? whenever a bag-valve-mask system or 
automatic breathing device with mask is used,, but 
only if done: by an- individual properly trained in their 
use: Airways Bhould be used only on deeply uncon- 
scious persons. If introduced into a conscious or stu- 
porous person, they may promote vomiting or laryn- 
gospasm. C£re is required in the placement of the 
airway because incorrect insertion can displace the 
tongue back into the pharynx and produce- airway ob- 
struction. Oropharyngeal airways should be available 
in infant, child, and' adult sizes. Nasopharyngeal air- 
ways also may be used for adults. As with all adjunc- 
tive equipmimt, explicit training and practice .is re- 
quired for their use. 

S-Tube. — Numerous S-tube airway adjuncts are 
available. T£ey range from simple tubes with mouth- 
pieces and bite blocks to" naore elaborate devices with 
valves. DesMte many different designs, they share 
certain limitations. 

S-tUbes 

1. Dp not provide as effective an airway seal as 
direct mouth-to-mouth' or .mouth-to-mask ventilation. 
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2. Do not reduce potential transmission of infection. 

3. Require training for safe and effective use. 

4. Induce vomiting if used improperly. 

5. Require the single rescuer to move to the victim's 
head and reposition the S-tube .to inflate the lungs 
between chest compressions. 

S-tubea do offer useful features, such as 

1. Overcoming aesthetic problems of direct mouth- 
to-mouth contact. 

2. Assisting in maintaining a patent airway. 
S. Keeping the mouth open. 

However, it is generally found that direct mouth-to- 
mouth or mouth-to-mask ventilation provide more ef- 
fective artificial ventilation. 
Masks.— Well-fitting masks have proven to be an 
. effective, simple adjunct available for use in artificial 
ventilation by medical, allied health, and nonmedical 
personnel Manikin practice with masks should be re- 
quired for all personnel who are likely to use a mask 
for mouth-to-mask ventilation.' The ma3k may be a 
standard anesthesia mask or a folding pocket mask 
and should have the following characteristics: trans- 
parent material, well-sealing cuff, headstraps, oxygen 
insufflation inlet, 16 mm/22. mm coupling size, and 
availability in one average size for adults and addi- 
twnal sizes for infants and children. The mask is most 
effectively used when the rescuer positions himself at 
the top of fiie patient's head and uses the jaw thrust 
maneuver, as described on page 841. 

Bellows Devices.— Bellows devices are ineffectual for 
providing artificial ventilation. The- Conference con- 
demns all ventilation bellows that have been made com- 
mercially available. All of them suffer a common design 
flaw so that even professional reacuers cannot provide 
adequate lung ventilation when applying downward 
or sideward compression with a bellows. Bellows de- 
vices should not be used for resuscitation. 

Bag-Valve-Mask Devices.— .When bag-valve-mask 
units are used, they usually provide less ventilatory 
volume than mouth-to-mouth or mouth-to-mask venti- 
lation because of the difficulty injproviding a leakproof 
seal to the face while maintaining an open airway 
For this reason, the manually-Operated, self-inflating 
bag-valve-mask units can be used effectively only by 
well-trained and experienced medical personnel, such 
as anesthesiologists. 

• Extensive specialized training and demonstrated con- • 
tinning proficiency is required with the bag-valve-mask 
device. The rescuer must position himself at the top 
of the victim's head. He then must maintain the head 
m extension, keep the lower jaw elevated, and secure 
an optimum mask fit with one hand while using the 
other hand to squeeze the bag. Attempts have been 
made to achieve effective ventilation with these devices 
by using two rescuers, one to hold the mask and one 
to squeeze the bag, but this is an awkward procedure 

Because of this difficulty in using the bag-valve-mask 
unit, the Conference recommends that these devices 
be used only when the patient has a cuffed ehdo- 
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' iTtt tL° T 3 CUffed "OP 11 ^ obturator airway 
inserted Either of these tubes will ensure deliver? 
of an adequate volume of oxygen-enriched atmosphere 
and<wiU prevent gaatric insufflation and aspiration of 
stomach contents. When an endotracheal tube or esoph- 
ageal obturator airway ia used the rescuer may 
position hunself at the victim's side. When a mask fa 

the 4! !t 8eU ' r . aIways shouId P° aJt *°» himself at 
the top of the victim's head and not at hia side 

criteria?' 1Uate bag - valve - mask should fulfill these 

1. SM-*<^g, but without sponge rubber inside— 
because of difficulty in cleaning, disinfecting, elimi- 
nating ethylene oxide, and fragmentation 

inlet'flow n " jam ^ 8yStem at 15 Iiters/minut e <Wn 

3; Transparent, plastic face mask with an air-filled 
or contoured, resilient cuff. 

4. No pop-off valve, except pediatric models. 

5* Standard 16 mm/22 mm fittings. 

6 ; System for delivery of high concentrations of 
oxygen through an ancillary oxygen inlet at the back 
ot the bag or via an oxygen reservoir. 

7. True nonbreathing valve. 

8. Oropharyngeal airway. • 

9: Satisfactory for practice on manikins. 

10.. Satisfactory performance under all common en- 
vironmental conditions and extremes of temperature. 

11. Available in adult and pediatric sizes. 

Esophageal Obturator Airway,— The esophageal ob- 
turator airway is a recent innovation in the manage- 
ment of cardiac arrest patients. It appears to be a 

to be determined. The airway consists of a cuffed 
endotoacheal tube mounted through a face mask and 
modified W!th a aoft plastic obturator blocking the 
distal orifice and multiple openings in the upper one 
third^of the tube at the. level of the pharynx. It is 
passed into the esophagus. The mask then is seated on 
the face and the cuff inflated. When mouth-to-tube or 
bag-valve-tube ventilation is performed, the air is dis- 
charged through the pharyngeal openings in the tube 
and passes down the trachea since the esophagus is 
blocked This prevents gastric distension and regurgi! 
tation durmg resuscitation. The esophageal obturator 
airway should only be inserted in patxU wt te 
notbreathing or who are deeply unconscious ' 

The potential advantages of the esophageal obtura- 
tor airway are that no visualization is required for ' 
introduction and that it can be introduced more easily 
and quickly than an endotracheal tube. In a large 
series! of cardial arrest cases, the airway has been 
shown to be used successfully without injury to the ■ 
esophagus when used by professional allied health per- 
sonnel who had been trained in its use on intubation 
mamkms and unconscious patients.* However, the po- 
tential for damage to the esophagus is ever present 
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Removal of the esophageal airway frequently is fol- 
lowed by immediate regurgitation. In order to cope 
with this, the airway should not be removed until the 
patient is conscious and breathing or has a return of 
reflexes. When it is to be removed, the patient should 
be turned on his side and adequate suction should be 
available. It is also possible to pass a nasogastric tube 
around the esophageal tube and decompress the 
stomach prior to removing the esophageal tube. A 
standard cuffed endotracheal tube can be introduced 
into the trachea prior to removal of the esophageal tube. 

Endotracheal Intubation. — Oxygenation of the lungs 
by exhaled-air methods or by simple airway adjuncts 
should always precede attempts at tracheal intuba- 
tion. Adequate lung inflations interposed between ex- 
ternal cardiac compressions require high pharyngeal 
pressures. These pressures promote gastric distension, 
which elevates the diaphragm and interferes with ade- 
quate lung inflation. This distension promotes regurgi- 
tation, with the potential hazard of aspiration of gastric 
contents into the lungs. Therefore, the trachea should 
,be intubated as soon as practical by trained personnel. 
This isolates the airway, keeps it patent, prevents as- 
piration, and assures the delivery of a high concentra* 
tion of oxygen to the lungs. With a cuffed endotracheal 
tube (or esophageal obturator airway), it is easier 
to provide adequate ventilation since it is not neces- 
sary to. interpose breaths as with direct mouth-to- 
mouth, mouth-to-mask, or bag-valve.-mask techniques. 
It then becomes possible to use a faster, uninterrupted 
chest, compression rate of 80 per minute and provide 
better artificial circulation. 

Because of the difficulties, delays, and complications" 
in properly placing an endotracheal tube, its use should 
be restricted to medical personnel and professional al- 
lied health personnel who are highly trained and either 
use endotracheal intubation frequently ox are retrained 
frequently in this technique. 

The indications for endotracheal intubation include: 

1. Cardiac arrest 

2. Respiratory arrest 

3. Inability of rescuer to ventilate the unconscious 
patient with conventional methods , 

4. Inability of the patient to protect his own airway 
(coma, areflexia), or 

5. Prolonged artificial ventilation. 

The Conference recommends that all emergency de- 
partment training programs and equivalent programs, 
give satisfactory training to all professional personnel 
in the safe and effective introduction of endotracheal 
tubes. 

Endotracheal tubes should be - available in various 
sizes. They should have standard 15 mm/22 mm fit- 
tings, be provided .with a- .stylet, be cuffed for adults 
and older children, and be uncuffed for infants and 
small children. The recommended sizes for endo- 
tracheal tubes are given in Table 1. 
Oxygen-Powered Mechanical Breathing Devices: 
Conventional Pressure-Cycled Automatic Resus- 
CITATORS (IPPB respirators, positive-negative pressure 



Table 1. -—Recommended Sizes for Endotracheal Tubes 
and Suction Catheters* 



Age 


Endotracheal 
Tube 
(Internal Diameter) 


Suction 
Catheters 


Newborn 


3.0 mm 


6Fr. 


6 months 


3.5 mm 


8Fr. 


f 8 months 


4.0 mm 


8Fr. 


3 years 


4.5 mm 


8Fr. 


5 years 


• 5.0 mm * 


10 Fr. 


6 years 


5.5 mm 


. 10 Fr. 


8 years 


5.0 mm 


10 Fr. 


12 years 


6.5 mm 


10 Fr. 


16 yaara 


7.0 mm 


10 Fr. 


Adult (Female) 


8.0-8£ mm 


12 Fr. 


Adult (Male) 


8.5-9.0 mm 


14 Fr. 


*One size larger and one size smaller should be allowed for Indi- 
vidual variations. 



r.esuscitators, resuscitators-inhalators) should not be 
used in conjunction with external cardiac compression 
because effective external cardiac compression prema- 
turely triggers termination of the inflation cycle so 
inadequate ventilation results. These devices are com- 
plex, difficult to use, more costly, and relatively less 
effective, even for artificial ventilation alone, than 
oxygen-powered ventilation devices, that are manually 
triggered (time-cycled). 

Manually Triggered (Time-Cycled) Devices are 
easier to use effectively. They have high instantaneous 
flow rates that allow them to be used for artificial 
ventilation alone. The devices also allow breaths to 
be interposed between compressions during CPR. Most 
will function as injialators too, for patients who are 
breatliing spontaneously but require oxygen. 

Manually triggered, oxygen-powered resuscitators 
should be able to 

1. Provide instantaneous flow rates of 100 liters/ 
minute or more and an inspiratory pressure safety 
release valve that opens at 50 cm of water, although 
it is recognized that this high instantaneous flow rate 
usually will result in gastric distension unless a cuffed 
endotracheal tube or cuffed esophageal obturator air- 
way is used. 

2. Provide 100% oxygen. . 

3. Operat? satisfactorily under environmental condi- 
tions, including all temperature extremes found in 
North America. 

* They also should have the following minimum design 
criteria: 

1. A standard 15 mm/22 mm coupling for mask, 
endotracheal tube, esophageal airway, and trache- 
ostomy tubes. 

2. A rugged, breakage-resistant mechanical design 
that is compact and easy to hold. 

3. A trigger positioned so that both hands of the 
rescuer can remain on the mask to hold it in position 
while supporting and tilting the head and keeping the 
jaw elevated; 
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Suction Devices. — Portable and' installed suction 
equipment should be available for resuscitation emer- 
gencies. The portable unit should provide vacuum and 
flow adequate for pharyngeal suction. It should be 
fitted with large-bore, non-Mnking suction tubing and 
semirigid pharyngeal suction tips. There should be 
multiple sterile suction catheters of various sizes for 
suctioning via endotracheal or tracheostomy tubes, a 
nonbreakable collection bottle, and a supply of water 
for rinsing tubes and catheters. 

The installed- suction unit should be powerful 
enough to provide an air-flow of over 30. liters/minute 
at the end of the delivery tube and a vacuum of over 
300 mm Hg when the .tube is clamped. The amount of 
suction should be controllable for use on children and 
intubated patients. 

There should be an additional set of rigid pharyngeal 
suction tips (tonsil suction tips) and sterile curved 
tracheal suction catheters of various sizes. For tracheal 
suction, a Y- or T-piece, or a lateral opening, should 
be between the suction tube and suction source for 
on-off control The suction yoke, collection bottle, water 
for rinsing, and suction tube should be readily acces- 
sible to the attendant at the head of the litter. The 
tube should reach the airway of any patient, regard- 
. less of his position. Suction apparatus must be de- 
signed for easy cleaning and decontamination. 

Nasogastric Tube for Gastric Decompression. — It is 
preferable to insert a nasogastric tube after the air- 
way has been isolated by endotracheal intubation. How- 
ever, if gastric distension interferes with adequate 
ventilation, a nasogastric tube may be inserted at an 
earlier time by trained medical, nursing, or authorized 
allied health personnel. External cardiac compression , 
should not be interrupted during this procedure. 

Adjuncts for Artificial Circulation 

Bedboard, T — Cardiopulmonary resuscitation should 
be performed at the site where the victim was found, 
whether inside or outside the hospital. If the cardiac 
arrest occurs in a hospital bed, a firm support should be 
provided beneath the patient's back when CPU is per- 
formed. A simple serving tray or support of comparable 
size is useful but not best To provide proper support, 
a bedboard that extends from the shoulders to the 
waist and across* the full width of the bed should be 
available. Spineboards should be used for ambulance 
services and mobile life support units. Spineboards 
also- are useful for extricating and immobilizing vic- 
tims. They may be used directly on the floor of the 
emergency vehicle or on a wheeled Utter. 

Manual Chest Compressots.Simvle, hinged, man- 
ually operated mechanical chest" compressors can be 
uaed for effective external cardiac compression. They 
should provide an adjustable stroke of 1% to 2 inches 
and be able to be applied with interruptions in manual 
CPR of no longer than five seconds each. These com-- 
pressors are inexpensive and make it easier for an 
individual to provide prolonged, effective external 
cardiac compression. 
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Automatic Chest Compressors.— Optimum manage- 
ment of persons with cardiac arrest is obtained when 
the definitive therapy required to restore spontaneous 
circulation aiid to stabilize the victim is available at 
the site of the arrest, prior to any transportation that 
may be necessary. When this is not possible, the use 
of an automatic mechanical device provides the most 
consistently effective cardiopulmonary resuscitation 
during transportation or prolonged resuscitation. When 
such devices are used, external cardiac compression al- 
ways must he started with the manual method first. 
Physicians apd other medical personnel who will be 
using the automatic equipment must have careful and 
extensive training and manikin practice in the manual 
method, the mechanical method, and the proper tech- 
nique for changing from one to the other without 
interrupting :CPR for more than 5 to 10 seconds at 
any one timet A well-trained and coordinated team of 
persons is necessary to use the compressor. 

These devices eliminate the operator fatigue that 
causes variations in cardiac output, and they provide' 
simultaneous ventilation with high oxygen concentra- 
tions. While these' devices afford more regular and 
uninterrupted CPB, they have the following, limita- 
tions: t 

1. They are relatively heavy and' difficult to move 
because of their associated oxygen tanks and com- 
ponents. 

2*. They may be difilcult to use without accidentally 
displacing the plunger while moving a victim up and 
down stairs or on ."a steep incline. 

3. The use of commercially available models is lim- 
ited to adults* 

Compressor r ventilators should be employed only with 
a cuffed endotracheal tube, esophageal airway, or if 
used with a mask, only by well-trained and experi- 
enced personnel. Their performances should be com- 
parable to that recommended for the manual method. 

Internal Cardiac Compression 

Internal cardiac compression is indicated in certain 
conditions where external cardiac compression may be 
ineffective. These circumstances include penetrating 
wounds of the heart and other internal thoracic in- 
juries, cardiac tamponade, tension pneumothorax with 
mediastinal displacement, chest or spinal deformities, " 
and severe emphysema causing barrel-type chest. If it 
is suspected or can be determined that any of these 
conditions is present, or, if closed chest cardiac com- 
pression does not appear to establish sufficiently effec- 
tive artificial circulation, open chest internal cardiac 
compression inay be performed in conjunction with ■ 
artificial ventilation. ' 

Open chest cardiac compression should only J?e per- 
formed by a physician with the necessary skill, equip- 
ment, and facilities. In this procedure,* thoracotomy 
is performed through the left fifth intercostal space 
and the pericardial sac is opened to' allow direct manual 
cardiac compression. • 
Cases of crushed chest or flail chest may require 
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only effective artificial ventilation. If there is cardiac 
arrest so that artificial circulation also is required out- 
side of a hospital, external cardiac compression may be 
used with the recognition that, while it may compound 
internal injuries, it represents the only alternative to 
certain death. 

If a tension pneumothorax is suspected in an emer- 
gency situation, a large bore needle may be inserted 
pn the side of the pneumothorax through the second 
intercostal space 2 inches from the midline. If the 
diagnosis is confirmed, this should be replaced with 
a chest tube and. valve or an underwater seal drainage 
as soon as possible. 

In trauma cases, especially chest trauma, it may be 
very difficult to detect evidence of circulatory activity. 
Special efforts, including palpation of femoral and 
carotid pulses arid auscultation for heart sounds, may 
be required to determine the cardiac status. Individ- 
uals who deal frequently with serious trauma cases 
should be trained thoroughly in CPE and its possible 
complications. 

Cardiac Monitoring 

Electrocardiographic (ECG) monitoring should be 
established immediately on all patients who present 
symptoms of suspected heart attack or sudden collapse. 

Most sudden deaths following acute myocardial in- 
farction are due to electrical derangement of the 
rhythm of the -heart (dysrhythmias). Susceptibility to 
electrical derangement is greatest immediately fol- 
lowing and several hours after myocardial damage or 
severe ischemia. It is during this critical and unstable 
period that patients should be under continuous and 
critical monitoring. 

Although' rhythm changes may occur abruptly and 
without warning, potentially lethal situations usually 
can be prevented by early detection and prompt 
treatment. 

Each person providing advanced life support must 
have adequate training and testing to establish his 
capability of dysrhythmia detection and treatment. 
Once, trained, his competency muiat be reenforced and 
examined continually. This can be- accomplished 
through regularly scheduled assignment to hospital pa- 
tient care, such as in the emergency department," coro- 
nary care unit, intensive care unit, or operating room. 

ECG monitoring is a vital step in the prevention of 
cardiac arrest in patients with acute myocardial infarc- 
tion. Personnel providing advanced life support must 
be familiar with monitoring equipment, including its 
problems and artifacts. They also must be 'capable of 
recognizing, at a minimum, the following electrocardio- 
graphic dysrhythmias : 

1. Cardiac standstill (ventricular asystole). 

2. Bradycardia (rate of less than 60 per minute). 

3. The difference between supraventricular and ven- 
tricular rhythms. 

4. Premature ventricular contractions (frequency, 
multifocal, and on T). . 

5. Ventricular tachycardia. 
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6. Ventricular fibrillation. 

7. Atrioventricular blocks of -all degrees. 
8; Atrial fibrillation and flutter. 

In addition to recognizing these dysrhythmias, all per- 
sonnel roust be familiar with the potential dangers 
inherent: in each waveform and with the therapeutic 
regimen , that is required when any one of them is 
present. 

In situations in which the initial emergency prob- 
lem is a cardiac arrest, CPR steps and techniques out- 
lined un<Jer "Basic Life Support" should be initiated. 
As quickly as possible thereafter, ECG electrodes 
should be applied. For thispurpese, a monitor-defibril- 
lator with combination ECG electrode-defibrillator pad- 
dles is recommended. These ECG electrode-defibrillator 
paddles are applied to the chest and an immediate 
determination of the cardiac rhythm may be made. 

If ventricular fibrillation is present, defibrillation 
should be immediate. (See section on ''Defibrillation.") 
If there is a relatively regular ECG rhythm, pulse 
and blood pressure should be checked immediately to 
determine if electromechanical dissociation is present. 

If the rhythm and circulation are satisfactory, oxy- 
gen should be administered, an intravenous lifeline 
established, and regular ECG electrodes applied for 
continuous monitoring. 

Drugs, ; as indicated in the section on "Drugs and 
Definitive Therapy/' aho.uld be used to maintain a 
stable cardiac rhythm and adequate circulation. 
^ Monitoring and supportive therapy should be con- 
tinued in situations where communications must be 
established to transfer the patient. 

Defibrillation 

Defibrillation produces a simultaneous depolarization 
of all muscle fascicles of the heart, after which a 
spontaneous beat may resume if the myocardium is 
oxygenated and not acidbtic. Direct current defibril- 
lator shopkB should be delivered as soon as possible 
when the! heart is known to be in ventricular fibrilla- 
tion. Countershocks also are indicated on an emergency 
basis in the presence of ventricular tachycardia with- 
out- a peripheral pulse. It has not been demonstrated • 
that defibrillation is useful in cases of ventricular 
asystole, jalthough it is sometimes used when it is 
impossible to be sure whether the heart is in a fine 
ventricular fibrillation or true ventricular standstill. 

For defibrillation, the standard electrode position 
always should be used: one electrode just to the right 
of the upper-sternum below the clavicle and the other • 
electrode just to the left of the cardiac apex or left 
nipple. Standard electrode paste may be used but 
saline-soaked four by four gauze sponges are also " 
excellent conductors. The sponges may be applied rap- : 
idly and external cardiac compression may be resumed 
after defibrillation without the problem of hand slip- 
page on the chest that occutb when electrode paste 
is used, 

A single defibriBator shock does not produce serious 1 
functional damage to the myocardium; so there is no : 

i 
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reason to withhold it in the unconscious, nulseless 
adult patient when a direct current defibrillator is 
available even though the patient is iinmonitored. In 
these circumstances; unmonitored defibrillation with a 
singie shock may be performed by medical or properly 
trained* and authorized allied medical personnel. It 
must be emphasized that this single shock must not 
delay the prompt application of basic • life- support 
measures in any way. Uitmonitcfred defibrillation is not 
recommended for children. 

In instances of apparent cardiac arrest secondary 
to hypoxemia,' eg, drug overdose, CPE for a period^ of 
two minutes is recommended, with revaluation prior 
to the delivery of an unmonitored defibrillator shock. 

The optimum amount of electrical energy has not 
been established and there are no conclusive data con- 
cerning the ideal defibrillator output waveform. The 
output delivered into a 50-ohm load should range from 
0 to at least 250 watt-seconds, preferably 300 watt- 
seconds for the conventional Lqwn waveform. 22 -This 
range will provide adequate' energy for the majority 
of patients. The energy requirements of defibrillators 
with other waveforms may vary from this range. In 
emergency situations, it has been customary to deliver 
a maximum shock of 400 joules (watt-seconds) for 
cases of ventricular fibrillation. However^ lower set- 
tings frequently are effective in* converting ventricular 
fibrillation and ventricular tachycardia and produce 
less myocardial damage. The damage resulting from 
defibrillator shocks is directly proportional to ihe 
energy used, and "maximal settings, when not required, 
may further impair an already damaged myocardium. 
The energy level delivered through a 50-ohm load 
should be indicated on the front panel of the de r 
fibrillator. All defibrillators, particularly those* that 
register stored energy, should be checked at regular, 
frequent intervals with suitable test- equipment to 
determine the delivered energy. Breakdown and de- 
fects develop in units that are used frequently at high 
energy levels. Well-organized, detailed, * and recorded 
preventive maintenance should be performed regularly 
also. 

Establishing and Maintaining 
{Intravenous Infusion 

It is essential to provide an intravenous route for 
the intermittent or continuous rapid administration of 
drugs and fluids that may be required to reestablish 
or support a stable cardiac rhythm and adequate cir- 
culation. This, route must be established as early as 
possible and must be a routine part of advanced life 
support/ 

• Drugs and Definitive Therapy 

Drug administration and other forms of definitive 
therapy .are required for most patients who receive 
cardiopulmonary resuscitation • or emergency cardiac 
care. Tracheal intubation by trained personnel and 
the early administration of higfc concentrations of 
oxygen are of major importance in reducing hypoxemia 
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during the ■ cardiorespiratory emergency. While the 
dangers of hypoxemia are easily demonstrated experi- 
mentally and clinically, there is no evidence that lung 
damage occurs with high concentrations of oxygen if 
it is used for periods of less tjian 24 hours. 

Drug administration: is of critical importance in 
emergency cardiac care. Drugs usually are adminis- 
tered intravenously during the cardiopulmonary resus- 
citation emergency to ensure their delivery into the 
cardiovascular system as artificial circulation is pro- 
vided. A cjutdown or long-term intravenous route 
should be established as early as possible. Intracardiac 
injections are sometimes used, but this route is usually 
limited to epinephrine early in the cardiac arrest and 
before an mtravenoua infusion has become available. 

For purposes of these Conference recommendations, 
drugs are divided into two categories: essential and 
useful. 

Essential Drugs 
Sodium bicarbonate 
Epinephrine 
Atropine jsulfate 
Lidocainei 
Morphine! sulfate 
Calcium cjiloride 

(Oxygen i.s also considered an essential drug.) 

Sodium Ricwrbonate. — Sodium bicarbonate is neces- 
sary to conibat metabolic acidosis. It is administered 
intravenously in an initial dose pf 1 mEq/kg by either 
bolus injection or continuous infusion over a ten- 
minute peripd. Once effective spontaneous circulation 

• is restored, further administration of sodium bicar- 
bonate usually is not indicated; *an<4 may be harmful. 

The available dosage forms for sodium bicarbonate 
are: ■ *' 

1. PrefiUejd syringe: 50 ml of 8.4% sol. (50 mEq) 

50 ml of 7.5% sol. (44.6 mEq) 

2. Ampules: 50 ml of 84% solution (50 mEq) 

'50 ml of 7.5% solution (44.6 mEq) 

3. Bottles: 500 ml of 5% solution C297.5 mEq) 

The dosage of 1 mEq/kg should be used regardless of 
dosage form. 

WKere ventricular fibrillation is present, defibrilla- 
tion should be attempted immediately. Then sodium 
bicarbonate should be administered. If an effective 
circulation is not restored after defibrillation and the 
initial dose of bicarbonate, a repeat dose of 1 mEq/kg 

* should be giyen. It is recommended' that, in hospitalized 
patients, further administration of sodium bicarbon- 
ate be governed by arterial blood gas and pH measure- 
ment. 

Effective : ventilation must accompany sodium bi- 
carbpnate administration to "remove carbon dioxide in 
the*' arterial jblo6a\ Where blood gases and pET deter- 
minations ajre not available^ one half of the initial 
dose may be" administered at ■ ten-minute intervals. 
Metabolic alkalosis and hyperosmolality from exees- 
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sive therapy must be avoided. Catecholamines may be 
given simultaneously or in rapid succession with so- 
dium bicarbonate, but generally they* should not be 
added to continuous infusions of the bicarbonate since 
this may cause inaetivation of the catecholamines. - 

Sodium bicarbonate should not be used alone in 
cases of cardiac standstill or cases of persistent ven- 
tricular fibrillation. In these instances, repeated doses 
of epinephrine and sodium bicarbonate should- be ad- 
ministered while continuing effective. eternal- cardiac 
compression and artificial ventilation. The combined 
use of epinephrine and sodium bicarbonate may result 
in a cardiac standstill converting into a ventricular 
fibrillation, which then can be defibrillated. ' Use of 
both drugs during ventricular fibrillation^ improves the 
status, of the myocardium anil enhances the effective- 
ness of the defibrillation. 

Epinephrine, — Although epinephrine can be shown 
experimentally to produce ventricular fibrillation, its 
actions in restoring electrical activity in asystole and 
in enhancing defibrillation' in .ventricular fibrillation 
are well documented also. Epinephrine' increases myo- 
cardial contractility, elevates perfusion pressure, low- 
ers defibrillation threshold,' and, in some instances, 
restores myocardial contractility in electromechanical 
dissociation. A dose of 0.5 ml of a 1 :i,*G00 'solution 
diluted to 10 ml, or 5 ml of a 1 :10,000'solutionj should 
be administered intravenously every five minutes dur- 
ing a resuscitation effort. Intracardiac adinmistration 
may be utilized by personnel well trained in the tech- 
nique if there has not been sufficient time to establish 
an intravenous route. 

Atropine Sulfate, — Atropine sulfate reduces vagal 
tone, enhances atrioventricular cpnductipn, and accel- 
erates the cardiac rate in cases of sinus bradycardia. 
It is most useful in preventing arrest in profound 
sinus bradycardia secondary to myocardial . infarction, 
particularly where hypotension is present; .When there 
is profound bradycardia, acceleration of the heart rate 
to the normal rate of 60 to 80 beats per minute prob- 
ably improves cardiac output and may reduce the in- 
cidence of ventricular fibrillation secondary to ectopic 
electrical activity." 

Atropine sulfate is indicated for the treatment of 
sinus bradycardia with a pulse of Jess than 6Q beats 
per minute when accompanied* by premature ventric-; 
ular contractions or systolic blood pressure of less 
than 90 mm Hg. It is also indicated for high degree 
atrioventricular block when accompanied by brady- 
cardia. It- is of no value in ventricular ectopic brady- 
cardia in the absence of atrial activity. The recom- 
mended dose is 0.5 mg administered intravenously as 
a bolus, and repeated at ^ve-minute intervals until a 
pulse rate greater than 60 is achieved. The total dose 
of atropine sulfate should not exceed 2 mg except 
in cases of third degree atrioventricular block, where 
larger doses may be required. 

Lidocaine. — Lidocaine raises, the fibrillation thresh- 
old and exerts its antidysrhythmic effect by increas- 
ing the' electrical stimulation threshold of the ventricle 
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during diastole; In usual therapeutic doses, there is no 
significant chaiige in myocardial contractility, sys- 
temic arterial pressure, or absolute refractory period. 
This drug is particularly effective in depressing irrf- 
tability where 'successful defibriDatjon repeatedly re- 
verts to ventricular fibrillation. It also is particularly 
effective in the control of multifocal premature ven- 
tricular beats and episodes of ventricular tachycardia. 
Fifty to 100 rpg snould be adnrinistered slowly as a 
bolus intravenously and may be repeated if necessary. 
It may be followed by a continuous infusion* of J to 8 
mg/minute, usually not exceeding 4 mg/minute. Lido- 
caine, as 500 njig in 500 inl of .5% dextrose in water, 
provides a solution of 1 mg/ml for infusion; Lidocaine 
is of no value in asystole. - 

Morphine Sulfate. — Morphine sulfate is not indi- 
cate^ -in cardiopulmonary resuscitation emergencies, 
but it is important in cases of myocardial infarction 
to .relieve pain; and in the treatment of pulmonary 
edema. Fpr pain relief in 'acute myocardial infarction, 
1 ml of morphine sulfate (15 mg) should be .diluted 
to £ n>l (3 mg/ml). Of this solution, 1 ml (3 mg)to 
1,5 nil (4.5 mg) should be given intravenously, every 
5 to 80 minute!? as retired. Experience has indicated 
that the- titration* of small doses at frequent intervals 
provides the desired effect and avoids significant res- 
piratory depression. ' 

Calcium (7fc&jrade.-r-Calcium cfcloride increases myo- 
cardial contractility* prolongs systole, -and enhances 
ventricular excitability. Sinus impulse formation" can 
be suppressed,; and sudden death foUowrag a rapid 
intravenous' injection of calcium chloride ' has been 
. described, particularly in fully' digitalized patients.. 
Calcium chloride is useful .in profound cardiovascular 
collapse (electromechanical dissociation). It may be 
useful in restoring an electrical rhythni in instances .of 
asystole and may* enhance electrical defibrination. 

The absolute dose of calcium required ra cardiac 
arrest emergencies is 'difficult to determine and may 
vary widely. The usual recommefided dose of calcium 
chloride is -2.5; nil to : 5 ml of a 10% solution (8.4 to 
6.8.mEq Ca-H-j). Where' required, this amount should 
fce injected intravenously as - - a bolus at intervals' of 
ten minutes. Calcium gluconate provides less ionizable 
calcium per uiut vqfume. If it is used, the dose should 
be ifi ml of a 10% solution (4:8 mEq)-. Calcium can also 
be administered as calcium gluceptate. The dpse of 
this drug is 5 pi (4.5 mEq). " 

• Repeated lar&e doses of calcium may elevate calcium 
blood levels with a detrimental effect. Calcium must 
not be administered together with sodium bicarbonate 
since this mixture results in formation of a precipitate. 

Alternate Drug Routes.— When prompt establish- 
ment of an intravenous lifeline is ' not possible, epi- 
nephrine (1 to: 2 mg/10 mf sterile distilled water) or 
Jidpcaine (50 tp 100 mg/10 ml sterile .distilled water) 
can be effective when instilled directly into the tracheo- 
bronchial treej via an endotracheal tube. The endo; 
tracheal administration of other drugs for cardiopul- 
monary., resuscitation has not yet been established. 
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Table 2.— Commonly Used Drug's for mf ants: and Children 



Drug 



Epinephrine 



Calcium chloride 
(10%) 



. Sodium bicarbonate 



LevartBranar CLevophed) 
bitartrate 



Metaraminol bitartrate 
CAramlne) 



Mephentermlhe 

CWyamme). sulfate . 
Lldocalne 



CXylocalne) 



Isoproterenol 
(lauprel) hydrochlorlrf a 

•Dextrose In water. 



: .. : Supgeitod Dqaq ; 
Intracardiac— 0.3 -to 2 ml diluted 
1:10,000 C<U ml/kgl 



I- V. — maximum dose of 
1 ml/5 kg ' 
Intracardiac— t ml/a* kg diluted 
1:1 with aaljna 
I. V.— 1 ml (0.9 mEg)/kg diluted 
1st with sterile water ! 



Infants: I. V.— 1 mg In 5D0 ml 
of s% D/yy* 
Children; I. V.— 2 rrig/500 ml 
of S% D/VV 



J- V. — 25 ma/100 ml 
of 5% D/W 



I. V.— 0.05 mg 



J"5 nts:, - V ^ Q-Smg/kg. 
Children: J. V.— S mg and repeat until 
desired effect 
I.V. DrIp-^6 mg/kg/4 hrs 

(100 mg In 500 ml of 
5% D/W} 



I. V. Drip— 1 to 5 mg/500 ml of 
-5% D/W 



Remarks 



Use caution In 
digitized children 



Repeat dose after pH 
obtained. and base 
deficit calculated 



Titrate to desired affect 
Hot to be used In 
ertdotoxfc 3hock or 
renal ahut-doWn 



Titrate to desired effect 



Not to exceed 100 mg/hr 



Titrate to desired effect 



r«S T- ~ atr0pille aulfate .(* mg) or Iidocaine 
(300 mg) is effective in establishing therapeutic and 
prophylactic blood levels for dysrhythmia control, but 
this route requires the presence of adequate spon- 
taneous circulation. 

Useful Drugs 
Vasoactive Drugs 

Leyarfcerenol 

Metaraminol 
Isoproterenol 
Propranolol 
Corticosteroids 

V°*oocUve Drugs (Levariererui, Metartminolh- 
Ihe use of potent peripheral vasoconstrictors Has bee'n 
challenged by some authorities because. of the possi- 
bility ctf reducing cerebral, cardiac, and renal blodd 
now. The choice of a vasoconstrictor or a positive ino- 
tropic agent remains controversial in the treatment 
of cardmc arrest and the immediate post-resuseita- 
taon period. However, during cardiac compression and 
■ ™-»»«W«tafi period,' blood pressure must be 
supported where low blood pressure- andf inadequate 
cer^ral ana 'renal perfusion give evidence of shock. 
. The selection of therapy is dictated by the patient's 
cluneal state In peripheral ?ascular collapse, mani. 
fested clinically by hypotension, and the absence" of 
significant peripheral vasocohstriction, intravenous 
levarteretfol (Levophed) bitartrate in high concentra- 
tions of 16. pg/ml or metaraminol bitartrate (Ara^ 
mine) in concentrations of 0.4 mg/ml of dextrose in 
water should be titrated intravenously. Metaraminol 
can be given intravenously as a bolus in a dose of 2 
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to 5 mg every five to ten minutes. Continuous adrriin- 
istration is required to maintain a satisfactory blood 
pressure and adequate Urinary output. These drugs 
are potent vasoconstrictors and have a positive ino- 
tropic effect on the myocardium. They are especially 
useful where- systemic peripheral resistance is low. 

Isoproterenol^tor patients with profound brady- 
cardia demonstrated to be the result of complete heart 
block, isoproterenol (Isuprel) hydrochloride is the 
drug of choice for immediate treatment. It should be 
mfused in amdunts of 2 to 20 ug/minute (1 to 10 ml 
of a solution of 1 mg in 500 ml of 5% glucose in 
water) and ^djusted to increase heart rate to approx- 
imately 60 beats per minute. It is useful also for 
profound Sinus bradycardia refractory to atropine 

Propranololr-The antiarrhythmic properties of the 
beta adrenergic blocking agents have proven useful in 
instances of repetitive ventricular tachycardia or re ' 
petitive ventricular fibrillation where maintenance of 
5 hyt ^ c ?e«tbe*t cannot be achieved with lido- 
came. The usual dose of propranolol is 1 mg intra- 
venously. This may be repeated to a total' of 3 mg 
under careful monitoring! Caution is required in pa- 
tients with chronic obstructive pulmonary disease and 
Cardiac failure. 

Corticosteroids.—Vxeseht evidence favors the use of 
phairnacological doses of synthetic corticosteroids (5 
mg/kg of me^hylprednisolone sodium succinate or 1 
mfr/kg of dexamethasdne phosphate) for prompt treat- 
ment of cardiogenic shock or shock lung occurring as 
complicaMohs;of cardiac arrest. Where cerebral edema 
is suspected following cardiac arrest methylpredniso- 
lone sodium succinate in doses of 60 to 100 mg every 
six hours may be beneficial. When pulmonary com- 
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piicatiohs such as a postaspiratioh'. pneumonitis is 
present, dexamethasone phosphate may be used in 
doses of 4 to 8 mg every six hours. 

Postcardiac Arrest Drug Treatment.— -In addition to 
corticosteroids, potent diuretic agents, hypothermia, 
and controlled hyperventilation may be useful for .the 
prevention or attenuation of cerebral edema which 
may follow successful resuscitation. Patent diuretic 
agents (furosemide and ethacrynic acid) in doses oi 
40 to 20b rag may help to promote diuresis. Hyper- 
osmolality may be aggravated by these agenfs. 

Drug Dosage for Infants and Children* — The rec- 
ommended drug, dosages for infants and small children 
are listed in Table 2. 

Stabilization of Patient's Condition 
.for Transportation 

Successful treatment is directly related to the rapid- 
ity with which a functional spontaneous rhythm can 
be restored. In cases of cardiac emergency outside the 
hospital, it is now clear that restoring adequate, spon- 
taneous circulation at the scene is moire likely to re- 
sult in the victim's survival than the most skillfully 
continued basic life support measures during trans- 
portation. Every effort .must be made to treat and 
stabilize the patient at the scene, since it is difficult 
to perf orra ■ CPR effectively during transportation. 
Once the patient is stabilized, it is reasonable to trans- 
fer him to a life support unit. 

Stabilization involves: 



1. Assuring .effective ventilation, either spontane- 
ous or assisted; 

,2. Mamtaininz a stable cardiac rhythm and effective 
circulation, utilizing drugs as indicated. 

3. lyiamtaining a functioning ECG monitor and an 
•intravenous lifeline. 

4. Establishing: and maintaining communications 
necessary for consultation, transportation, and admis- 
sion to a continuing care facility. 

. termination of Basic or 
Advanced Life Support 

The decision to terminate resuscitative efforts -is a 
medical one (also see "Medicolegal Considerations *') 
and depends upon an assessment by a physician of 
the cerebral arid cardiovascular status of the patient. 
The best criteria of adequate cerebral circulation are 
the reaction of the pupils, the level of consciousness, 
movement, and spontaneous respiration. Deep -uncon- 
sciousness, absence of spontaneous respiration, and 
pupils that are fixed and dilated for 15 to 30' minutes 
usually are indicative of cerebral death and further 
resuscitative efforts are generally futile. Cardiac death 
is likely when there is continuing absence of ventricu- 
lar electrocardiographic activity after 10 minutes /or 
moire of adequate cardiopulmonary support including 
appropriate drug therapy. In children, or in unusual 
circumstances, eg, when the arrest is associated with 
hypothermia, resuscitative efforts should 'be con- 
tinued for longer periods since recovery has been seen 
even after prolonged unconsciousness? 



Part IV.— Life Support Units 



A life support unit (LSTJ) is an integral part of 
a stratified system for cardiac care that is strategically 
located, properly identified, and has specific capability 
of rendering life support to patients with cardiopul- 
monary .emergencies. Life support units can be either 
basic or advanced units.. Baste life support units 
exist wherever there are individuals trained in CPR 
techniques and should be found at all patient care 
stations of hospitals, medical and dental offices, fac- 
tories, public office buildings, and within homes and 
schools. Advanced life. support units, in addition, must 
be able to monitor cardiac rhythms and treat cardiac 
dysrhythmias. . 

The Conference has set minimum standards for ad- 
vanced life support units. 

Standards for IS\3'S 
Structure and Access 

The advanced life support unit must have accessi- 
ble approaches and be clearly identified by conspicu- 
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ous markers indicating the availability . oi emergency 
cardiac care. It must be equipped to communicate 
with appropriate emergency agencies as well as. to 
provide basic and advanced life support. The logical 
sites for life support units are .where, cardiopulmonary 
emergencies, reasonably can be anticipated, such as in 
hospitals and all areas where many people congregate. 

In Hospitals 

There should be triage for early symptoms and signs 
of heart attack in the hospital. -The emergency depart- 
ment may be j used to screen, monitor, and treat per- 
sons who arrive either on their own or. by referral. 

Every general hojapitai with acute care facilities 
should provide in its emergency department an ad- 
vanced life support station so that any patient who 
has symptoms suspicious of myocardial infarction or 
other cardiopulmonary emergency, will be placed im- 
mediately on monitoring and surveillance until a defi- 
nite decision: is made regarding his management. 
Cardiac monitoring always should precede any actarin- 
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istrative details or medical history-taking-. 

If there is strong suspicion that.the patient has an 
acute myocardial infarction, he should be transferred 
to a coronary care unit. It cannot be overemphasized 
that a patient with a history compatible with acute 
myocardial infarction should not be discharged from 
the emergency area merely because the initial electro- 
cardiogram is normal. When' the diagnosis is in doubt, 
it is always advisable to continue observation and 
^ monitoring. During transfer to the CCU by trained 
personnel, a patient should be connected to a battery- 
operated monitor-defibrillator and should be accom- 
panied by appropriate drugs for administration en 
route if necessary. 

Out of Hospitals 

Sports Arenas, Convention Centers, Stadiums, Civic 
Auditoriums. — Areas where large numbers of people 
congregate, such as sports arenas, convention halls, 
stadiums, and auditoriums, should provide life support 
units. • Once such a unit is established, it must be 
identified and a diagram of its location should be 
printed in the program and pre-program fliers and 
mailers. 

The LSU should be located in a place with a high 
degree of visibility, such as near entrances or ad- 
jacent to exhibits that are known to be popular. Con- 
sideration should be given to proximity to major pe- 
destrian traffic arteries and accessibility to all in- 
dividuals. All personnel employed by the facility should 
know of the existence and location of the life support 
unit. 

The unit should be identified by a sign reading 
''Emergency. Life Support Unit/' rather than "Emer- 
gency Aid Station," to emphasize the function of the ' 
unit. At the entry or registration area, a large sign 
should be provided to define the method of access to 
the LSU or to define what action to .take if a life- 
threatening emergency occurs. 

Where the physical layout lends itself to use of 
small mobile transport units, such as modified mobile 
carts, consideration should be given to a complete 
mobile. system integrated with the LSU or with mul- 
tiple LSITs. 

The plan of action for an LSU in a public facility 
must include integration into the total emergency med- 
ical system. 

Industrial Plants and Office Building Complexes.— 
In areas where a large number of people work, steps 
comparable* to those for public facilities must be taken. 
A plan of action should be formulated as part of the 
total emergency medical system, including rapid ac- 
cess to the life support unit. In large complexes, LSU's 
are essential. 

Areas With Large In-Transit Populations. —Airports 
and major railway terminals should provide similar 
LSU facilities with appropriate identification and easy 
access for travelers suffering life-threatening emer- 
gencies. 

In addition, special provisions should be* made for 
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passengers aboard commercial aircraft. Airlines should 
provide passenger-carrying aircraft with standard kits 
of drugs (refer to Essential Drugs" and "Useful 
Drugs") and syringes that can be made available to 
doctors with -proper identification for in-flight treat- 
ment of cardiopulmonary, emergencies. Oxygen, in 
cylinders with; reducing valves capable of delivering 
up to 15 liters/minute for a period. of 60 minutes 
(two E cylinders), should be available also. The cyl- 
inders, valves, and delivery equipment should be stored 
so that the oxygen may be delivered quickly to pas- 
sengers anywhere in the aircraft. 

The Conference recommends that the American 
Medical Association and an airlines request physi- 
cians to make: their presence and availability known 
to the flight personnel prior to departure of the air- 
craft. 

Capabilities of Advanced 
Life Support Units 

•An advanced life support unit must have certain 
capabilities with regard to availability, coiranunica- 
tion, and components. Advanced life support capability 
is to be provided within the confines of the LSU and 
to the entire physical complex which it serves, during 
the times required. 

A faultless system of communication is essential to 
the effective delivery of advanced life support to per- 
sons in its area. This is to be correlated with responsi- 
ble agencies (eg, security, administration) to ensure an 
effective flow of action for response* 

The third capability an LSU must have concerns 
staff and equipment. Expert personnel, with all nec- 
essary equipment, must be available at all times in 
order to provide advanced life support by 

1. Identifying patients with cardiopulmonary emer- 
gencies promptly. 

2. Instituting" immediate monitoring and establish- 
ing intravenous lifeline prior to obtaining a detailed 
medical and administrative history. 

• 3. Providing continued surveillance until a profes- 
sional decision on management is made. 

In .out-of-hospital LSU's, each unit must have the 
ability to stabilize the patient's condition prior to 
transfer to a continuing care facility. This necessi- 
tates providing! a trained team with the appropriate 
portable equipment The area's emergency medical sys- 
tem should allow personnel and equipment exchange to ' 
the transfer vehicle, effectively converting it to a 
mobile intensive care unit (MlCU) to provide con- 
tinuity of care until hospital admission is complete In 
areas where MICU's are available, it is not necessary 
for the LSU tjeam to leave its immediate vicinity. 
Basic hfe support always should be available, even 
when the life isupport unit team is occupied with 
transfer. 

Personnel.— Persons capable of providing the quali- 
ty and degree of care necessary for an LSU to op- 
erate in a rap?d, efficient, and professional manner 
are essential. These units may be staffed by qualified . 
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physicians, by specially trained nurses responding to 
standing orders, or by specifically trained allied health 
personnel who are authorized to perform this service. 
Each person stajffing an LSU should be governed by 
a clear, written policy that defines his area of re- 
sponsibility. 

A physician knowledgeable and skilled in the man- 
agement of basic and advanced cardiopulmonary emer- 
gencies must assume the medical responsibility for 
the unit. This responsibility includes direct or remote 
supervision under the physician's continuous or inter- 
mittent direction. Any physician who assumes respon- 
sibility for a patient in a LSU must be qualified to 
perform and administer advanced life support. 

Nursing .personnel must be familiar with and ex- 
perienced ■ in basic and advanced life support and 
must be able to direct lifesaving measures as well as 
provide a supporting role. In this regard, they should 
be familiar, with the use of voice and ECG telemetry 
equipment if their station is so equipped. 

Specialized continuing education programs for all 
LSU personnel are required to maintain an optimal 
level of proficiency and to acquaint personnel with new 
techniques and methods. 

Emergency Medical Technicians (EMT's) must be 
trained at least to the level required for the training 
of ambulance personnel and others responsible for the 
prehospital phase of emergency cardiac care. Training 
programs must be hospital-affiliated and provide direct 
patient contact and care. A well-defined program ad- 
ditionally must include assisting in the care of the 
critically ill and injured patient* discussing cases, eval- 
uating activities, and updating skills and knowledge 
on a regular basis. It is necessary that allied health 
personnel maintain their skills by continued periodic 
participation in hospital patient care and by demon- 
strating their proficiency on a set schedule- They must 
be able to function effectively without the physical 
presence of a* physician or nurse, and, where pro- 
vided, be totally competent to operate all equipment, 
including that necessary for communications and 
telemetry. Specialized continuing education programs 
for all LSU personnel are required to maintain an op- 
timal level of proficiency and to acquaint personnel 
with new techniques and methods. % 

Equipment and Drugs. — The basic equipment and 
drugs necessary for an adequate advanced life support 
unit include those concerned with maintaining the 
airway and providing artificial ventilation and cir- 
culation. - • 

Respiratory Management. — For airway management 
and artificial ventilation, the following equipment is 
necessary for all life support units : 

Oxygen supply (two E cylinders) with reducing valves 
capable of delivering 15 liters/minute and with mask and 
reservoir bag 

Oxygen reserve (two B cylinders) 

Mask for mouth-to-mask ventilation 

Oropharyngeal airways 

S-tube (optional) 

Laryngoscope with blades (curved and straight, for 
adult, child, and infant) and extra batteries and bulbs 
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Assorted adult-aize (cuffed) and child-sue (uncuffed) 
endotracheal tubes with stylet and 15 nun/22 mm adaptors 

Syringe with: clamp or plastic two-way or three-way 
.valve for endotracheal tube cuffs 

Acceptable bag-valve-mask, with provisions for 100% 
oxygen ventilation or a manually triggered (time-cycled) 
oxygen powered resuscitatox 

Suction (preferably portable), with catheters — sizes 6 
to 16— and Yanlrauer-type suction tips 

Nasogastric tjabe 

Esophageal obturator airway (optional) 
Cricothyrotoniy set 

Circulatory Management. — To provide adequate 
management o£ the circulatory system, the following 
equipment is essential for all advanced life support 
units: . 

Portable defibrillator-monitor with ECG electrode-de- 
fibrillator paddl'es or portable DC defibrillator and portable 
ECG monitor 

Portable ECG machine, direct writing, with connection 
to monitor 

Venous infusion sets {micro and regular) 

Indwelling venous catheters (regular and special units) : 
Catheter outside needle (sizes 14 to 22) 
Catheter iriside needle (sizes 14 to 22) • 
Central venous pressure catheters 

Intravenous solutions (5% dextrose in water, lactated 
Ringer's) 

Cutdown set 

Sterile gloves 

Urinary catheters 

Assorted syringes and needles, stopcocks, venous exten- 
sion tubes 

Intracardiac needles 

Tourniquets, adhesive, disposable razor, and similar 
items ' 

Thoracotomy tray 
• Essential Drugs. — All life support units must have 
these drugs available: 

Sodium bicarbonate (prefilled syringes; 50 ml ampules, 
or 500 ml 5% bottles) 

Epinephrine j[prefflled' syringes) 

Atropine sulfate (prefilled syringes) 

Lidocaine (Xylocaine [prefilled syringe]) 

Morphine sulfate 

Calcium chloride 

Useful Drugs.— These drugs are recommended for 
hospital and nbnhospital life support units : 
AminophyHine 
Dexamethasone (Decadron) 
Dextrose 50$ (Ion-o-trate IJexfcrose 50%) 
Digoxm (Lanoxin) 

Diphenhydramine hydrochloride (Benadryl) 

Ethacrynic acid 

Purosemide (Lasix) 

Isoproterenol (Isuprel) hydrochloride 

Lanatoside Ci(Cedilanid) ' 

Meperidine (Demerol) hydrochloride 

Metaraminol bitartrate (Aramine) 

Methylpfednisolone sodium succinate (Solu-Medrol) 

Nalorphine (|n-allylnormorphine) hydrochloride 

Levarternol (Levophed) bitartrate 

Phenylephrine (Neo-synephrine) hydrochloride 

Potassium chloride 

Propranolol hydrochloride (Inderal) 

Procainamide' hydrochloride (Pronestyl) 

Quinidine 

Succinylcholine chloride 
Tubocurarin^ chloride 

Referral. — JSach life support unit must have an es- 
tablished polidy for referral. This policy should be 
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based on the knowledge of the medical capabilities 
for critical care in the vicinity and the ability of the 
individual LSU to communicate and consult with these 
facilities at all times. The patient should be referred 
to the most appropriate hospital The LSU assumes 
full patient responsibility until safe transfer has been 
effected. 

When the continuing care facility (hospital) pro- 
vides both a coronary care unit and an emergency de- 
partment, provisions should be made for the cardiac 
patient to enter the CCU directly, bypassing the emer- 
gency department. In some instances, however, further 
stabilization and specialized treatment may be neces- 
sary in the emergency, department before transfer to 
the CCU. 

Records. — A system of records must be developed 
and maintained throughout the course of each use of 
an LSU. The design must be sueh that a copy can 
be immediately available for the continuing care fa- 
cility that assumes the eventual responsibility for the 
patient. There also must be a copy available for the 
long-term records of the LSU. 

Communications.— At a minimum, the LSU must 
be able to communicate directly with the agency or 
persons who are bringing the patient to the unit and 
with the facility to which they transfer the patient for 
continuing care. It is recommended that the LSU also 
be in contact with the central coordinating and dis- 
patching authority. 

Standards for Mobile LSU'S 

A mobile life support unit is a vehicle that has all 
the components, personnel, and capabilities of the 
LSU. Mobile life support units also can be categorized 
as basic or advanced, depending on the land of life 
support they are equipped to provide. At a minimum, 
all ambulances should be capable of basic life support. 
Advanced mobile life support units should be able to 
rapidly transport necessary equipment and skilled per- 
sonnel to a patient with a cardiopulmonary emergency 
and to render basic and advanced life support. This 
advanced mobile LSU may or may not transport the 
patient to a definitive care area. If not, it should be 
able to provide its life support capability in the form 
•of personnel and portable equipment to some other 
transporting vehicle to effect safe transport after the 
patient has been stabilized. 

Structure, — Mobile life support must be a part of a 
well-defined, community-wide plan for providing emer- 
gency medical services. The plan must integrate ■ the 
mobile LSU's into an emergency cardiac care system 
containing lire departments, rescue teams, and ambu- 
lances, so that basic life support can be provided with- 
in four minutes from the emergency calL There should 
be a sufficient number and sufficient placement of mo- 
bile life support units to assure advanced life sup- 
port to the patient within ten minutes or less. 

Vehicle design for LSU's should be in relation to 
their role in the plan. 11 These vehicles may. he only 



for transportation of equipment and personnel, or they 
may be for transportation of equipment, personnel, 
and patients. It is also necessary to provide central 
control,, coordination, and a dispatching agency, with 
dispatchers trained in identifying the type of emer- 
gency and its precise geographic location. 

All mobile I^SU's must have sufficient trained per- 
sonnel to provide two rescuers to remain with and 
administer to the needs of the patient throughout the 
emergency and until he is delivered to a continuing 
care facility. 

Capabilities;— The mobile LSU's must be strate- 
gically deployed and have the capability for recog- 
nition, emergency treatment, and stabilization, of car- 
diac patients. It is important that the patient be sta- 
bilized quickly: at the site where the cardiopulmonary 
emergency occurred. Continuous monitoring of the pa- 
tient by rescue personnel from the time of arrival of 
the mobile unit to the delivery of the patient to a 
LSU is a necessity. Communication with the base sta- 
tion, unit, andiphysieian are desirable. 
• A mobile life support unit has some requirements 
that, are different from those of a regular LSU. The 
mobile unit must possess the ability to develop and 
maintain appropriate, portable lifelines that will sup- 
port ventilation and circulation continuously so that 
the patient may be transferred to the vehicle. 

The training required for operation of regular life 
support units also must be augmented for personnel 
serving in the mobile life Bupport unit. Training is 
needed in the areas of field operation of communica- 
tions and telemetric equipment, vehicular guidance and 
defensive driving, local geography and traffic control, 
and how to interact with other agencies in situations 
such as establishing security and crowd control. 

Components; — There are no differences between the 
components required for a mobile LSU and those for 
other LSU's regarding personnel, equipment, drugs, 
and records. 

Additional rnandatory features of the mobile LSU 
are specialized 1 training of personnel, equipment that 
is portable and self-contained, special vehicle design, 
and a. communications network. 

Communications. — At a minimum, two-way voice 
communications with the central coordinating and 
dispatching authority and with the continuing care 
unit to which |the patient will be delivered is neces- 
sary' initially. -The unit therefore must possess the 
capability of communicating with one or more con- 
tinuing care facilities in order to give : 

1. Notification of patient's expected time of arrival. 

2. Notification of patient's condition. 

3. Confirmation of acceptance by facility for con- 
tinuing care. 

4. Consultation regarding care. 

As a later pjhase, there can be augmentation with 
physician's consultation and, when amnropriate, ECG 
telemetry offerjs the advantage of remote monitoring 
and rhythm .crinsultatkm, provided that medical con- 
sultation is on-Jline and a part of the system. 
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Part V.— Medicolegal Considerations and Recommendations 



The Conference -fishes to make clear that, unless 
otherwise provided, nothing in these standards is in- 
tended to limit or inhibit persons, either inside or out- 
side of health care facilities, from providing emer- 
gency medical, treatment. Emergency care should al- 
ways be provided in life-threatening situations. In 
addition, unless otherwise indicated, these standards 
are universally applicable. In cases involving tech- 
niques of basic and advanced life support, minimum 
requirements for appropriate action have been defined. 
In areas of policy, recommendations have been made, 
and it is intended that these recommendations will be- 
come reflective of actual practice. 

It is appreciated that full implementation of these 
standards will place an enormous burden on the per- 
sonnel and facilities of agencies, organizations, and 
institutions that are or will be involved in emergency 
care, as well as those agencies, organizations, and in- 
stitutions responsible for training and certification. 
Since it may be unrealistic to expect immediate com- 
pliance with these standards in some circumstances, 
a. reasonable time for implementation should be al- 
lowed. 

Initiation and Termination of 
Resuscitation Efforts 

Physicians.— Physicians have an obligation to 
initiate CPR in any instance in which it is medically 
.indicated- 'When the victim of cardiac arrest is not' 
the patient of the physician, a unique relationship is 
created that may be described as the Good Samaritan- 
victim relationship. 

The physician should continue basic life support 
measures until one of the following occurs: . 

1- The patients personal physician takes charge, . 

2. He has reasonable assurance that the victim-will con- 
titme to receive pioperly" performed basic and/or advanced ' 
life support by properly trained and designated profes- 
sional personnel, or 

3. The patient recovers or is pronounced dead. 

Nonphysicians-— Nonphysicians. should initiate CPR 
according to the standards of the American, Heart As^ 
sociation and to the best of their knowledge and 
capability in cases they recognize as cardiac arrest. 
They should not be held liable for failure to initiate ■ 
CPU if such decision is consistent with current stan- 
dards. 

The nonphysician who initiates basic or -advanced 
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life support should continue his resuscitation efforts 
until one of the following occurs: 

1. Effective spontaneous circulation and ventilation have 
been restored, 

2. 'Resuscitation efforts have been transferred to an- 
other responsible person who continues basic life support, 

3. A physician or a physician-directed individual or 
team assumes responsibility, 

4. The victim is transferred to properly trained and 
designated professional medical or allied health personnel 
charged with responsibilities for emergency medical ser- 
vices, or 

5. The rescuer is exhausted and unable to continue re- 
suscitation* 

Orders Not to Resuscitate 

The purpose; of cardiopulmonary resuscitation is the 
prevention of jsudden, unexpected death. Cardiopulmo- 
nary resuscitation is not indicated in certain situa- 
tions, such asrin cases of terminal irreversible illness 
where death is not unexpected or where prolonged car- 
diac arrest dictates the futility of resuscitation efforts. 
Resuscitation in these circumstances may represent 
a positive violation of an individual's right to die 
with dignity. When CPR is considered to be contra- 
indicated for hospital patients, it is appropriate to 
indicate this in the patient's progress notes. It also 
is appropriated indicate this on the physician's order 
sheet for the benefit of nurses and other personnel 
who may be called upon to initiate or participate in 
cardiopulmonary resuscitation. 

Conference Recommendations for 
Advanced Life Support 

1. Every hospital- must have a written .plan and a 
mechanism for advanced life support consistent with 
available personnel, equipment, and facilities, and 
available throughout the installation on a 24-hour- 
per-day basis. This plan should be tested regularly and 
should be reviewed annually by the responsible hos- 
pital CPR/EC.b committee. 

2. Lack of GPR certification should not, per se, pre- 
vent administration of advanced life support by prop- 
erly trained riedical, nursing, and allied health per- 
sonnel in an emergency situation. 

Conference Recommendations 
on {Necessary Legislative Action 

1. It is recommended that state legislation be clari^ 
fied to allow professional allied health personnel who' 
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are rendering emergency care outside of the hospital 
and are certified in advanced life support to function 
' -with maximum effectiveness. Such legislation must 
provide specifically that individuals certified in ad- 
vanced life support be! permitted to function wbeii a 
,physician is not present, provided, however, that such 
certified .person is under the general supervision of 
a. physician. General supervision is ..defined as • direct 
or. remote supervision by continuous ■ or intermittent 
communication, with a licensed physician to assure 
physician involvement in decisions requiring such in- 
volvement. .This requirement for supervision by a 
physician shall not be interpreted to mean that such 
life-saving procedures as cardiac defibrillation, appro- 
priate drug therapy, and other measures should ever 
be withheld when the circumstances demand such ac- 
tion according to the training standards for emergency 
medical technicians functioning, in this capacity* 

2. It is recommended that all ..hospital and other- 
acute care facility stan* and employees who are in- 
volved in direct patient care in any capacity must be 
certified in basic life support and should have knowl- 
edge of and be involved in the CPR plan of that 
facility. 

8. It is recommended that all county, state, and na- 
tional medical organizations make serious and con- 
certed efforts to (a) clarify the Medical Practice Act 
in their state in terms of its application to persons 
rendering basic and advanced life support and (b) 
establish an official mechanism to approve CPK ;: 
courses given in accordance with American Heart As- 
sociation standards and by .instructors certified ac- 
cording to American Heart Association standards. 

4. It is recommended that national certification be 
established to ensure that those trained in basic life 
supiport and advanced life support have 'had appro- 
priate training according to American Heart Associa- 
tion standards. and are proficient in the application of ' 
that training* 

5- It is recommended that qualified immunity (ie, 
for acts done in good faith and not involving gross 
negligence or wiilfui, wanton, or reckless misconduct) 
be provided for those certified in basic or advanced 
life support. 

. 6. It is recommended that a declaration of the im- 
munity provided by common law for lay persons who 
either have not been certified or have not. been trained 
in .basic life support should be prepared and publicized 
widely: 

7. it is recommended that immunity from civil lia- 
bility for certified instructors and associations that 
are involyed in instruction in accordance .with .the 
American Heart Association standards should be pro- 
vided. 

8. It is recommended that all policemen, firemen, and 
other first-line responders be trained and certified in 
basic life support as a necessary and indispensable ' 
job requirement. All professional- emergency depart- 
ment personnel should have adequate training and 
certification in basic and advanced life support. 
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9. It must be established and .properly promulgated 
that policemen* and any law enforcement official, or 
any individual functioning in a similar capacity, have 
an affirmative; obligation (a) to* defer to a person more 
qualified than- themselves iri the delivery of basic life 
support and Qb) not td 0 interfere in an ongoing effort 
at stabilization of an individual receiving baaic life 
support until .a reasonable, mutually agreeable decision 
is made by that individual and the rescuer that trans- 
portation or other appropriate measures in the de- 
livery of care j be initiated.. 

Conference Recommendations 
oni Implementation of Standards 

To assure maximum effectiveness, the Conference 
recommends t^hat its standards, as contained in this 
statement, bejadopted and implemented by the follow- 
ing agencies and organizations: , 

1. The Joinjt Commission on Accreditation of Hos- 
pitals, insofar; as they apply to hospitals. ... 

2. State re£tilatory bodies for promulgation of 
standards and; recommendations. 

3. Professional medical and allied health associa- 
tions, for thei purpose of issuing statements jointly 
or 'individually for maximum dissemination of these 
standards, to ensure uniformity in their application 
and to protect both those who act iri accordance with 
them and the emergency victim. 

4. The American Heart Association, in taking all 
necessary stepjs to diss.gminate these standards broad- 
ly, including appropriate programs, training materials, 
and publications, and by seeking support for such 
dissemination ifrom appropriate foundations, federal 
agencies, medical organizations, and other sources. 

5. The American National Red Cross and. other life- 
saving agencies, charged with the responsibility of 
providing adequate training to nonprofessional res- 
cuersand the general public. 

6. All government-health care services and facilities. 

7. Other responsible agencies, and organizations, in- 
cluding medical dental, and nursing schools; airlines; 
industry; and Isports centers. 

It- is further recommended that this statement be 
given the widjest possible publication, republication, 
and distribution in its complete iorm, or in its in- 
dividual parts, provided proper procedures are followed. 
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Transthoracic Resistaiice in Human Defibrillation 

Influence of Body Weight, Chest Size, Serial Shocks, 
Paddle Size and Paddle Contact Pressure 

Richard E. Kerber, M.D., Joseph Grayzel, M.D., Robert Hoyt, B.S., 
Melvin Marcus, M.D., and Jeffrey Kennedy, B.S. 



SUMMARY Successful defibrillation depends on delivery of adequate electrical current to the heart; one of 
the major determinants of current flow is transthoracic resistancle (TFR). To study the factors influencing 
TTR, we prospectively collected data from 44 patients undergoing; emergency defibrillation. Shocks of 94-450 
J delivered energy were administered from specially calibrated Datascope defibrillators that displayed peak 
current flow, thereby permitting determination of TTR. Shocks were applied from standard (8.5-cm diameter) 
or large ( 13 cm) paddies pjacetf anteriorly andJaterafiy. First-shock TTR ranged from 15-143 fl, There was a 
weak correlation between TPR and body weight (r = 0.45,p < (L<fe) and a stronger correlation between TTR 
and chest width (r Qa.SQ f p < <fcOH). Twerity-three patients whti were defibrillated using standard 8.5-cni 
paddles had a mean TTR of 67 ± 36 fl (db sp), whereas 21 patients who received shocks using paddle pairs 
with at least one large (13 cm) paddle had a 21% lower TTR of 53 ±24 0 (p = 0.05, unpaired t test). Ten 
patients received first- and second shocks at the same energy levef; TTR declined only 8%, from 52 ± 19 to 
48 ± 16 (p < 0.01, paired / test). In closed-chest dogs, shocks #ere administered using a spring apparatus 
that regulated paddle contact pressure against the thorax. Firmei) contact pressure caused TTR to decrease 
25%, from 48 ± 22 to.36 ± 17 G {p < 0.01, paired t test). Thus, human TTR varies widely and is related most , 
closely to chest size. TTR declines only slightly with a second shock at the same energy level. More substantial 
reductions in TTR and increases in current flow can be achieved byi using large paddles and applying firm pad- 
dle contact pressure. 



THE ELECTRICAL DOSE required for human 
defibrillation remains controversial. 1 Although dose is 
usually quantified by the delivered energy, it is the 
electrical current Sow between the paddles that ac- 
tually depolarizes a critical amount of myocardium 
and terminates ventricular fibrillation. 2 Current flow is 
determined not only by the energy selected, but also 
by the transthoracic resistance (TTR). In a patient 
with unusually high TTR, current Sow might be in- 
adequate for defibrillation. It would be important to 
reduce transthoracic resistance if possible. Animal 
studies have suggested that TTR can be reduced by 
using large defibrillator paddles and a low-resistance 
interface between paddles and skin. 3 ' 4 However, nei- 
ther the range nor the determinants of TTR have been 
adequately evaluated in human defibrillation. 

In patients undergoing emergency defibrillation, we 
undertook a prospective investigation of several 
potentially important factors influencing TTR: body 
weight, chest size, chest wall thickness, paddle size and 
the effects of repeated shocks of the same energy level. 
Another possible determinant of TTR, paddle contact 
pressure, was studied in shocks applied to animals. 
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Methods 

All defibrillations were performed using Datascope 
M\D2J damped sinusoidal wave form defibrillators. In 
this defibrillator, when an energy level .is selected the 
energy that will be delivered into a 50-H resistance is 
displayed; if any charge leaks off, the display indicates 
the decline. Thus, at the moment the defibrillator was 
fired, the exact amount of delivered energy was dis- 
played 'and recorded. After discharge, the peak 
current (in amperes) that flowed between the paddles 
was displayed and recorded. 

To permit calculation of TTR, each defibrillator 
was charged to energy settings ranging from 75-460 J, 
and at each energy level was fired into dummy 
resistances ranging from 15-150 fl. The resultant peak 
current flow for each firing was noted and current vs 
resistance calibration curves were plotted for each 
energy ^evel (fig. 1). Thus, knowing the defibrillator 
used, the energy displayed before firing and the 
current jthat resulted permitted us to determine a 
patient's TTR from each defibrillators calibration 
curve. 

To evaluate the effect of paddle size on TTR, we 
equipped, at random, some defibrillators with two 
standard 8.5-crn-diaraeter paddles and others with one 
standard 8.5-cm and one specially constructed 13-cn> 
diameter paddle, and yet others with two 13-cm 
paddles.! Paddles were coated with Hewlett-Packard 
Redux pjaste, a low-resistance interface between pad- 
dle and skin, 3 and placed so that the anterior (positive) 
paddle was centered over the upper right parasternal 
area and the lateral (negative) paddle was over the 
cardiac apex. When paddle pairs of unequal size were 
used, the smaller paddle was always placed over the 
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Figure I. Typical calibration curves for 
the Datascope MD2J defibrillator, showing 
peak current flow vs transthoracic resis- 
tance at various energy levels. This family of 
curves was constructed for each defibrilla- 
tor used by firing the defibrillator into dum- 
my resistances. Knowing the energy dis- 
played before firing and the resultant peak 
current allowed determination of the 
patient's transthoracic resistance from such 
curves. 
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cardiac apex. Anteroposterior paddle placement was 
not used in any patient. 

Using a protocol approved by the Human Re- 
search Committee of the University of Iowa, we pros- 
pectively collected data on 44 patients undergoing 
emergency defibrillation. Body weights ranged from 
20-159 kg (mean 72 kg). The clinical diagnoses of the 
patients varied widely. Half the patients were known 
to have cardiac disease: chronic ischemic heart disease 
(10 patients), acute myocardial infarction (eight 
patients), valvular heart disease @hree patients) and 
congestive cardiomyopathy (one patient). Fourteen 
patients had primarily noneardiac disorders, includ- 
ing sepsis (three patients), severe diabetes (two 
patients), pulmonary embolism (two patients), cere- 
bral vascular accident (two patients), renal failure 
(one patient), lymphoma (one patient), metastatic car- 
cinoma (one patient), severe lung disease with C0 2 
retention (one patient), and chronic osteomyelitis (one 
patient). In eight patients defibrillated on or shortly 
after admission to the hospital, insufficient informa- 
tion was available to establish a diagnosis. Physicians 
administering shocks were advised to select an initial 
energy dose of 2 J/kg body weight, which would result 
in an initial shock of 159-200 J for the average adult, a 
dose shown by others to be effective in most patients. 1 
If the first shock failed to defibrillate, the shock was 
repeated using a dose of 4 J/kg, then 6 J/kg. This 
protocol was followed in most cases; some patients 
received several shocks at the same energy dose, which 
ranged from 100-400 J. In all cases, delivered energy 
was displayed before firing, and peak current after fir- 
jngwas recorded and used to calculate TTR. 

The effects of paddle contactpressure were studied 
in closed-chest dogs anaesthetized with chloralose- 
urethane and ventilated mechanically. Contact 
.. pressure was assessed in four dogs by designing a 
• paddle-holding apparatus that enabled the operator to 
adjust the tension of a spring scale connecting the pad- 



dle levels and thereby to select paddle contact pressure 
against ; the thorax. We estimated light contact j 
pressure with hand-held paddles to be the equivalent 
of 10 Nj of tension in the paddle-holding apparatus. / 
Firm pressure was estimated to be equivalent to 50 N ' 
of tension, equivalent to a fivefold increase in effective ' 
contact pressure. Values of peak current obtained at 
these tensions were similar to currents obtained in >: 
preliminary animal studies that used lightly and ! 
firmly applied hand-held paddles. The paddles were ! 
coated with Redux paste, mounted in the holding ap- 
paratus Jand applied to a shaved chest. In additional 
studies ip three of these dogs, no paste was used and 
bare paddles were applied to the shaved skin. Shocks 
were synchronized to the R wave of the ECG in these 
dogs and delivered when the lungs were at peak in- 
spiration. Light and firm pressure shocks were given in 
random jorder using 8.5-cm or 13-cm paddles and a 
20- or 40- J energy dose. 

We rpasoned that TTR might be related to the 
physical) separation between the paddles, and thauthis 
would in turn be related to chest width (i.e., lateral 
chest diameter), as anterolateral paddle placement 
was usejd, and possibly also to the thickness of the 
chest w^ll tissues. Therefore, we reviewed chest x-rays, 
which were available in 29 patients. On the postero- 
anterioij films, we measured the maximal chest width 
between[ outermost skin folds. From the lateral chest 
x-rays Available in 20 patients), we measured the dis- 
tance between the anterior skin and the manubrium- 
sternumi junction (i.e., anterior chest wall thickness in 
the regipn where the anterior paddle was placed). 

Statistical Analysis 

Linear regression analysis was performed to deter- 
mine tl^e relationship between first-shock TTR and 
body weight and that between TTR and the chest 
x-ray measurements. To determine the effects of pad- 
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Tahlb X. Correlations Between Transthoracic Resistance and lis Potential Dcicnninanis 



Determinant 


Paddle size 


n 


r 


V 


Slope 


InterceoL 


Body weight 


Ail sizes 


44 


0.28 


■ NS 








Standard* 


21 


0 45 


< 0.05 


0.57 


29 




Largef 


23 


0.15 


NS 






Chest width 


All sizes 


29 


0.52 


< 0.05 


3.4 


-71 




Standard 


14 


0.80 


< 0.01 


5.5 


-131 




Large 


15 


0,51 


< 0.05 


3.4 


-84 


Chest wall thickness 


All sizes 


20 


0.45 


. < 0.05 


11.4 


25 




Standard 


8 


0.27 


NS 








Large 


12 


0.50 


. < 0.05 


14 


17 



*Two 8.5-cm-diameter paddles. 
tTwo 13-cm-diamefcer paddles or one 13-cin and one 8.5-cm paddle. 



die size on TTR, we used an unpaired / test to com- 
pare the group shocked with two 8.5-cm paddles and 
the group shocked with one or two 13.5-cm paddles. 
We used the paired / test to compare the effect of 
reputed same-energy shocks in patients and the 
effects of variable paddle contact pressure on TTR in 
dogs. All results are reported as mean ± sd. 

Results 

Range of TTR and Correlation 

with Potential Determinants (table 1) 

The mean first-shock TTR for the whole group 
ranged from 15-143 fi (mean 60 ± 31 ft). 



TTR and Paddle Size 

Figure 3 shows first-shock delivered energy and 
TTR using two standard (8.5 cm) paddles (n = 21) 
compared with that using one or two large (13 cm) 
paddles j(n = 23). The mean delivered energy received 
by the tjvo groups was virtually identical: 226 ± 94 J 
(standaijd paddles) vs 230 ± 104 J (one or two large 
paddles). However, the transthoracic resistance of the 
patientsi receiving shocks from one or two large 
paddles |was 21% lower: 67 ± 36 ft (range 16-143 ft) 
using standard paddles vs 53 ± 24 ft (range 15-132 ft) 
using large paddies (p = 0.05). 

We atlso subdivided the large-paddle group into 
patients! who received shocks from one large and one 



TTR and Body Weight 

There was no correlation between TTR and body 
weight for the group as a whole (r = 0.28,/? = NS) or 
for subgroups of patients who received first shocks at 
the same energy level. Because TTR is affected by 
paddle size (see below), we also performed linear 
regression analysis of subgroups of patients who 
received shocks from standard paddles only and from 
one or two large paddles. There was a significant but 
weak correlation between TTR and body weight 
(r = 0.45,;? < 0.05) for the group of patients shocked 
with two standard-size paddles. Three of 21 patients 
who received shocks from standard paddles weighed 
more than 90 kg, as did six of 23 patients who 
ceived shocks from large paddles (p = NS). 

TTR and Chest Size 

Comparison of the TTR values of the entire group 
with the chest x-ray measurements showed statis- 
tically significant but weak correlations between TTR 
and chest width (r = 0.52, p < 0.05) and chest wall 
thickness (r = 0.45, p < 0.05). Separating the patients 
into two groups based on paddle size substantially im- 
proved the correlation with chest width (r = 0.80, 
p < 0.01) in patients shocked with two standard 
paddles (fig. 2). 




Chest Width - cm 

Figure 2. Transthoracic resistance (TTR) vs chest width 
A good correlation between these two variables is present 
for patients shocked with standard size paddles. 
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FiGURfE 3. Effect of paddle size on trans- 
thoracic resistance (TTR). Both groups 
received shocks of similar energy levels, but 
the patients shocked with one or two large 
paddles had significantly lower TTR (paired 
t test). 8.5 cm paddles = two standard size 
paddles; 13 cm paddles « two large paddles 
or one large and one standard paddle. 
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Figure 5. Effects of paddle contact 
pressure in dogs. Firmer paddle contact 
pressure against the thorax (higher tension 
in the spring apparatus) resulted in a signifi- 
cant decrease in transthoracic resistance 
(TTR) and an increase in peak current flow. 



Tension - Newtons 



-erased by using paddles larger than those generally 
manufactured; (4) TTR is lowered and current flow in- 
creased by applying paddles firmly to the chest; (5) 
although TTR is lower during a second shock of the 
same energy as the first, this decline and the resultant 
increase in current flow are very small and of 
questionable clinical significance. 

Tacker and co-workers, in animal and human 
studies,*" 7 found that the energy and current necessary 
to defibrillate were directly related to body weight and 
that heavy subjects required higher energies. These in- 
vestigators suggested that presently available defibril- 
lators may provide inadequate energy and current to 
defibrillate some heavy patients, and called for the 
construction of more powerful units. Other workers 
have vigorously disagreed, finding that present 
defibrillators are adequate to defibrillate virtually all 
patients, including heavy ones. 8 ** 10 Assuming that some 
heavier patients may need higher energies to defibril- 
late, one possible mechanism consistent with the 
studies of Tacker et al.,*- 7 is that heavy subjects have 
higher TTR. Our data show that TTR is weakly 
related to body weight. However, TTR is more clearly 
related to chest width, a relationship also noted by 
Ewy et al., 11 who studied patients undergoing elective 
cardioversion with anteroposterior paddles and found 
a similar relationship (r = 0.82) between TTR and 
anteroposterior chest diameter. If the energy selected 
is low and therefore marginal for defibrillation, 8 a high 
TRR might result in inadequate current flow and 
failure to defibrillate a heavy, big-chested subject. 

Although the threshold current for human defibril- 
lation has not been established, we have noted success- 
ful defibrillation with peak current flow as low as 0.21 
A/kg body weight." Patton and Pantridge" found 
that the mean current required to defibrillate was 0.35 
A/kg, Using the latter figure, a 100-kg subject would 
require a peak current flow of 35 A to defibrillate. 
Figure 1 shows that a defibrillator capable of deliver- 
ing 400 J would generate more than 35 A of current 
across the chest if the transthoracic resistance were 
less than 130 ft, which was the case in 41 of our 44 
patients. Three patients in our study had TTR greater 
than 130 ft; their body weights were 80, 90 and 159 kg. 
The presumptive current requirements for defibril- 



lation in these three patients, using a threshold of 0.35 
A/kg, would be 28 A, 32 A and 56 A. A 400-J defibril- 
lator would generate adequate current to defibrillate 
the first two of these heavy patients, but would fall 
short of the current necessary to defibrillate the 
heaviest patient, who had a TTR of 137 0. This 
theoretical analysis is in ageeeraent with published 
data 8 " 10 indicating that in most patients the. widely 
available 400-J maximal energy defibrillators are 
adequate, but it suggests that in an occasional very 
large patient, the current flow from such defibrillators 
may be insufficient. Because TTR can be decreased by 
use of large paddles and firm contact pressure, such 
maneuvers might be of critical importance in a very 
large patient with high TTR. 

In a preliminary communication of ours in 1978, 14 
the relationship between TTR and body weight failed 
to achieve statistical significance. That report was 
based on 23 patients and is superseded by the ex- 
panded number of 44 patients we report now, where 
the relationships between TTR and body weight and 
TTR and chest size proved to be statistically signifi- 
cant. 

A transthoracic resistance of 50 12 is assumed when 
reporting the delivered energy of shocks. 16 Although 
this figure is useful for standardization of defibril- 
lators, it is a great oversimplification if used to es- 
timate the anticipated current flow, as the range of 
TTR we encountered varied eightfold, from 15-143 ft, 
and averaged 67 ft for 8.5-cm paddles. Because even 
the best relationship between TTR and its deter- 
minant^ was only r = 0.80 (TTR vs chest width), it is 
very difficult to estimate accurately how much current 
will actually flow from the first shock. 

Previous" studies comparing 13-cm paddles with 8- 
cm paddles in shocks applied to nonfibrillating 
anaesthetized dogs, as well as studies of elective car- 
dioversion in humans, showed a lower TTR with large 
paddles. 4 ' » Our study extends these observations to 
patients undergoing emergency defibrillation. At any 
given energy level, use of larger paddles will lower 
TTR, increase current flow and improve the likeli- 
hood of achieving defibrillation. This would be es- 
pecially important in cases where the current flow is 
marginal for successful defibrillation, perhaps because 
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of high TTR. The less concentrated current path 
resulting from use of large paddles probably also 
reduces the likelihood of causing myocardial necrosis 
at higher energy levels. 17 However, overly large 
paddles could Tesult in a substantial portion of the 
total current flow traversing extracardiac paths with- 
in the thorax, missing the heart and thereby reducing 
the proportion of current available for defibrilla- 
tion. 18 Animal studies in our laboratory have shown 
that intracardiac current in 20-kg dogs is increased by 
using 13-cm rather than 8.5-cm paddles. 10 Moreover, 
Thomas et al, 20 found that 12.8-cm paddles were more 
effective than 8-cm paddles in canine defibrillation. 
Because the human heart is larger than the dog heart, 
it seems probable that 13-cm paddles would result in 
increased intracardiac current and improved defibril- 
lation success in humans also. Although this study 
does not establish the ideal paddle size in humans, it 
suggests that paddles larger than those presently 
„ ^ manufactured should be used. 

Although firm paddle contact pressure is advised in 
defibrillation, 21 an experimental basis for this 
recommendation has been lacking. This study shows 
that firm pressure is indeed beneficial because it 
reduces TTR and increases current flow. It appears 
that a substantial proportion of total TTR is at the 
paddle-skin interface. Firm mechanical contact 
pressure probably reduces TTR by increasing the 
number of low-resistance electrical contact points 
between the paddle surface and the skin. A more uni- 
form dispersion of the electrode paste may also occur 
with higher contact pressure, but firm contact pressure 
reduced TTR even when bare paddles were used. 

Factors of paddle size and paddle contact pressure 
appear to be additive in reducing TTR. In the same 
dogs, standard-size paddles applied with light contact 
pressure yielded a mean TTR of 48 ft, whereas large 
paddles applied firmly reduced TTR to 29 ft. Thus, in- 
creasing both paddle size and contact pressure 
resulted in a combined TTR decline of 40%. 

Studies in experimental animals 22 - 23 and in patients 
undergoing elective cardioversion 24 suggested that 
TTR decreases with repeated shocks at the same 
energy level. This phenomenon was most evident 
between the first and second shocks. Chambers et al. 24 
suggested that this may explain why electrical conver- 
sion from ventricular fibrillation can occur after an 
initial failure at the same energy level. Although we 
confirmed that TTR in emergency defibrillation does 
decrease with a second same-energy shock, the 
magnitude of this decline was small, and the resultant 
increase in peak current flow was only 4%. This incre- 
ment is unlikely to be meaningful in the clinical set- 
ting. A substantial increase in current flow can be ob- 
tained more reliably and quickly by selecting a higher 
energy for a second defibrillation attempt. For exam- 
ple, in the 10 patients who received a second shock at 
the same energy level as the first (235 ± 91 J), the 
current increased only 4%, from 46 ± 16 to 48 ± 16 A 
(p < 0.01). In contrast, in another nine patients, the 
delivered energy was increased by 100 J for a second 
shock, from 231 ± 52 to 329 ± 54 J. This resulted in a 



25% increase in current flow, from 50 ± 14 to 62 ± 14 
A {p < 0.001, paired t test). 

In this report, we included data from shocks 
whether: or not the shocks were successful in terminat- 
ing ventricular fibrillation. Defibrillation success is in- 
fluenced by many factors. In addition to adequate 
current .passing through the heart, other factors that 
have been proposed as influencing defibrillation 
success include the duration of ventricular fibrilla- 
tion, 6 ' 2S: metabolic abnormalities 25 and the cardiac 
diagnosis and state of the myocardium. 8 * 10 » 29 Thus, 
although reducing TTR and increasing current flow 
should improve die chances of successful defibrilla- 
tion, this single factor is only one of several deter- 
minants. 

We conclude that in human defibrillation TTR 
varies widely and is best related to chest size. TTR can 
be substantially reduced and peak current flow in- 
creased during defibrillation by using large paddles 
and firm paddle contact pressure. These maneuvers 
will maximize current .flow from presently available 
defibrillators. However, repeating an initially un- 
successful shock at the same energy level causes only 
minimal changes in TTR and peak current. There- 
fore, an: initially unsuccessful shock should be quickly 
followed by a second shock at a higher energy level to 
increase current flow substantially and avoid delays in 
achieving defibrillation. 
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INFUSIONS of the E-type prostaglandins are widely 
used to maintain patency of the ductus arteriosus in 
neonates with severely reduced pulmonary blood 
flow. Therapy usually continues for hours or days- 
toe longest reported course of i.v. therapy has been 29 
days in one infant.' We have briefly described the effi- 
cacy of long-term oral prostaglandin E, (PGE,)"-" and 
now report our experience of oral therapy in 12 pa- 
tients. In particular, we tested (1) whether oral PGE* 
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consistently maintained ductus patency; (2) whether 
oral PGEa could easily be substituted for i.v. therapy 
(3) the requirements of dosage and frequency of ad ' 
nunistration; and (4) whether the ductus remained 
PGEa-dependent after a period of months. 

Patients and Methods 
This study was approved by the Research Ethical 
? f both the Children's Hospital and the 
Central Birmingham Health District. Informed paren- 
tal consent was obtained in each case 

• hll7i!f infantS f*"^ ^mshed pulmonary 
blood flow were treated with oral PGE, Their mean 
weight was 2.90 kg The clinical featured ie gS 

™ % *!! P f' entS 2 > 3 > 4 ' 6 > 11 and 12. the sS-gins 
considered the pulmonary arteries, as show? by 

was restarted after Lure of a^/vf JpSf 



